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RESUMO

O Transtorno de déficit de atencédo e hiperatividade (TDAH) é caracterizado por
hiperatividade, desatencdo e impulsividade, resultando de uma possivel
anormalidade cerebral com prejuizos nos sistemas noradrenérgico e dopaminérgico.
Ha diferencas entre os sexos nos sintomas de TDAH. Os meninos tendem a ser
mais hiperativos e impulsivos enquanto as meninas sao mais desatentas. Uma das
comorbidades mais prevalentes € o transtorno por uso de substancias. Individuos
com TDAH tém risco de dependéncia a drogas, principalmente cocaina e cerca de
um quarto dos dependentes possuem TDAH. Uma das explicacbes para a
associacdo sao os efeitos paradoxais de psicoestimulantes, que reduzem os
sintomas da doengca. O modelo de lesdao dopaminérgica neonatal por 6-
hidroxidopamina (6-OHDA) € utilizado para o estudo do TDAH, causando aumento
da atividade locomotora em machos. O efeito paradoxal caracteriza-se por uma
diminuicdo na locomocédo apds autoadministragdo de cocaina. Em humanos e em
animais normais as drogas de abuso afetam os sexos de forma diferente, com os
individuos do sexo feminino progredindo mais rapidamente para a dependéncia com
maior resposta aos efeitos da administragao repetida de cocaina. Estudos sugerem
que as mulheres com TDAH apresentariam um maior risco de abuso de cocaina. A
disfungdo dopaminérgica e noradrenérgica pode interferir nos sistemas
glutamatérgico e GABAérgico. O modelo de lesdo dopaminérgica causa altera¢des
na expressao de RNAm de subunidades GABAA no cortex pré-frontal, hipocampo e
estriado. A exposigcdo subaguda a cocaina modifica a liberagdo de GABA na area
tegmental ventral e altera os niveis de GABA extracelular no cortex pré-frontal. Ha
escassez de estudos neurobiologicos sobre as diferengcas sexuais em relagdo ao
TDAH e ao uso de cocaina e as possiveis implicagdes do sistema GABAérgico, bem
como sobre a comparacao de autoadministragdo de cocaina em machos e fémeas
em modelos animais de TDAH. Assim, o objetivo deste estudo foi verificar os efeitos
da autoadministracéo oral de cocaina no comportamento de ratos machos e fémeas
com TDAH induzido por lesdo com 6-OHDA e a associagao correspondente com a
expressao de RNAm das subunidades dos receptores GABAA no cortex pré-frontal.
Este estudo demonstra que o TDAH diminui os refor¢gos na autoadministracéo de
cocaina. Também foi possivel concluir que os machos com TDAH possuem niveis

de reforco menores que as fémeas ao longo da autoadministragdo. Nao houve



alteracdes significativas nas subunidades o1, a2 e y2 do GABAA. Porém, embora
nao significativo, os machos com TDAH tendem a apresentar um padréo diferente
dos demais grupos de acordo com a subunidade. Existe correlagdo entre a
expressdo de RNAm das diferentes subunidades nas fémeas normais e correlagéo
do comportamento de refor¢o com a subunidade o2 nos machos com TDAH. Nossos
resultados fornecem informagdes importantes quanto aos padrdes de refor¢co de
drogas em animais induzidos ao transtorno e a implicagdo do sexo nesses padroes.
Demonstra que o efeito paradoxal da cocaina ndo acontece quando ha um alto
consumo desta pelos animais com TDAH. Quanto a expressao das subunidades do
receptor GABAa, nossos resultados indicam que pode haver modificagbes
importantes ocasionadas pelo consumo de cocaina em animais com TDAH. Portanto
percebe-se a necessidade de mais estudos que verifiquem o consumo de cocaina
em animais machos e fémeas induzidos ao TDAH e as alteracbes da expressio de
subunidades do GABAAa relacionados com adigdo a psicoestimulantes para elucidar
as bases comportamentais e neuroquimicas da coexisténcia desses dois

transtornos.

Palavras-chave: TDAH, autoadministragcao de cocaina, diferengas sexuais,
GABAA, cértex pré-frontal.



ABSTRACT

Attention deficit hyperactivity disorder (ADHD) is characterized by hyperactivity,
inattention and impulsivity, resulting from a possible brain abnormality with
dysfunction in noradrenergic and dopaminergic systems. There are gender
differences in ADHD symptoms. Boys tend to be more hyperactive and impulsive
while girls are more inattentive. One of the most prevalent comorbid disorder is
substance use. Individuals with ADHD have higher risk for drug dependence, mainly
cocaine, and about a quarter of the dependents have ADHD. One explanation for the
association is the paradoxical effects of psychostimulants, which reduce the
symptoms of the disorder. The neonatal dopaminergic lesion model by 6-
hydroxydopamine (6-OHDA) is used for the study of ADHD, resulting in increased
locomotor activity in males. The paradoxical effect characterized by a decrease in
locomotion after cocaine self-administration. In normal humans and animals drugs of
abuse affect sexes differently, with females for progressing faster dependence and
greater response to the effects of repeated administration of cocaine. Studies
suggest that women with ADHD present a greater risk of cocaine abuse. The
dopaminergic and noradrenergic dysfunction can interfere with glutamatergic and
GABAergic systems. The model of dopaminergic lesion causes changes in GABAAa
subunits of mMRNA expression in prefrontal cortex, hippocampus and striatum.
Subacute exposure to cocaine modifies the release of GABA in the ventral tegmental
area and changes the extracellular GABA levels in the prefrontal cortex. There is an
insufficient of neurobiological studies of sex differences in relation to ADHD and the
use of cocaine and the possible implications of the GABAergic system and on the
comparison of cocaine self-administration in males and females in ADHD animal
models. The objective of this study was to investigate the effects of oral cocaine self-
administration in male and female rats with ADHD-induced lesion by 6-OHDA and the
corresponding association with the mRNA expression of the subunits of the GABAA
receptors in the prefrontal cortex. This study demonstrates that ADHD causes
decreases in self-administration of cocaine. It was also concluded that males with
ADHD have lower reinforcement than females in oral cocaine self- administration.
There were no significant changes in subunits a1, a2 and y2 GABAa. However,
although not significant, males with ADHD tend to have a different pattern from the
other groups in accordance with the subunit. There is a correlation between the



MRNA expressions of the different subunits in normal females and there is a
correlation between reinforcement and subunit o2 in males with ADHD. Our results
provide important information about the cocaine reinforcement patterns in animals
induced the disorder and the implication of sex in these standards. It shows that the
paradoxical effect of cocaine does not happen when there is a high consumption of
the animals with ADHD. The expression of the GABAA receptor subunits, our findings
indicate that there may be significant changes caused by cocaine in animals with
ADHD. So we see the need for more studies to verify the consumption of cocaine in
male animals and induced ADHD females and changes in GABAAa subunit expression
related addition to psychostimulants to elucidate the behavioral and neurochemical

bases of the coexistence of these two disorders.

Keywords: ADHD, cocaine self-administration, sex differences, GABAA,
Prefrontal cortex
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INTRODUGAO

1.1 TRANSTORNO DE DEFICIT DE ATENGAO E HIPERATIVIDADE

1.1.1 Definigcao e Epidemiologia

O Transtorno de Déficit de Atencao e Hiperatividade (TDAH) consiste em uma
desordem associada a comportamento de desatencdo e/ou hiperatividade e
impulsividade e afeta principalmente criangas em idade escolar, interferindo no
funcionamento e no desenvolvimento (AMERICAN PSYCHIATRIC ASSOCIATION,
2014; SADOCK & SADOCK, 2007). Esse transtorno €& consequéncia de uma
possivel anormalidade cerebral com disfungdes no sistema catecolaminérgico,
envolvendo especialmente a dopamina e noradrenalina (PLISZKA, 2005; SADOCK &
SADOCK, 2007; ROHDE & HALPERN, 2004). A disfungdo nesse sistema resulta na
incapacidade de manter a atengcdo por um periodo de tempo adequado,
comportamento impulsivo aumentado, capacidade diminuida de suprimir atividade
motora e tendéncia a distragdo (PLISZKA, 2005; LAMBERT & KINSLEY, 2006;
POETA & NETO, 2004) que leva a dificuldades cognitivas e de aprendizado. De
acordo com o DSM-V, o TDAH é subdividido em trés tipos: a) TDAH com
apresentacdo predominantemente desatenta; b) TDAH com apresentagéo
predominantemente hiperativa/impulsiva; c) TDAH com apresentagdo combinada,
quando tanto os critérios de desatencido quanto de hiperatividade-impulsividade sao
preenchidos (AMERICAN PSYCHIATRIC ASSOCIATION; 2014; NUSSBAUM, 2011).
A desatencdo manifesta-se comportamentalmente como divagagdo em tarefas, falta
de persisténcia, dificuldade em manter o foco e desorganizagéo. A hiperatividade em
criangas refere-se a atividade motora excessiva quando nao apropriado, enquanto
nos adultos ha manifestagcdo de inquietude extrema, levando a dificuldades de
relacionamentos, pois ha esgotamento dos amigos e familiares com este excesso de
atividade motora. A impulsividade refere-se a acdes precipitadas, que ocorrem no
momento, sem premeditagdo ou planejamento e com elevado potencial para dano a
pessoa, também podendo ser reflexo de um desejo de recompensas imediatas ou
de incapacidade de postergar a gratificaggo (AMERICAN PSYCHIATRIC
ASSOCIATION; 2014). Os sintomas do TDAH, geralmente, se expressam antes dos

7 anos, nao podendo-se excluir a possibilidade do aparecimento dos sintomas apés
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essa idade (ROHDE & HALPERN, 2004). Ao longo da vida, a hiperatividade,
normalmente, regride, porém na adolescéncia ou na fase adulta a maioria dos
pacientes permanece com as dificuldades de planejamento, inquietude, desatencgao
e impulsividade (AMERICAN PSYCHIATRIC ASSOCIATION, 2014). Quando ha
resquicios de TDAH em adultos, estes apresentam defici€ncias em uma série de
dominios cognitivos em relagdo a atengéo sustentada, fungbes executivas, memoria
de trabalho e inibicdo de respostas. Estas caracteristicas podem implicar em tomada
de decisbes desfavoraveis e, consequentemente, num risco aumentado para o
abuso de substéncias, diregao perigosa, instabilidade profissional e dificuldades no
sustento de relagéo estaveis (AGAY, et al, 2010).

A prevaléncia do TDAH na populacédo esta estimada em 5% nas criangas e
2,5% nos adultos (AMERICAN PSYCHIATRIC ASSOCIATION, 2014). Ha& maior
predominéncia em meninos do que em meninas, sendo a proporgédo de 2 para 1 em
criangas e de 1,6 para 1 nos adultos conforme a recentre publicacdo do DSM-V
(AMERICAN PSYCHIATRIC ASSOCIATION, 2014). Essa proporgao parece ter
mudado, uma vez que se acreditava que, no geral, esta desordem fosse de 3 a 4
vezes mais comum no sexo masculino (BIEDERMAN & FARAONE, 2005; GAUB E
CARLSON, 1997). A estas mudangas pode-se atribuir um provavel aumento do
diagnostico no sexo feminino.

Em desacordo com as estatisticas acima, um estudo que avaliou alunos com
idades entre 6 e 12 anos de escolas na Venezuela, mostrou uma incidéncia maior de
TDAH no sexo feminino (8,26%) em comparagao com o sexo masculino (6,20%),
evidenciando um desacordo com a literatura especializada (MONTIEL-NAVA et al,
2002).

A diferenga entre os sexos pode ser resultado da dificuldade do diagnostico
do transtorno no sexo feminino, devido, provavelmente, ao fato de as meninas
apresentarem menos sintomas de conduta, como hiperatividade e impulsividade,
causando menos incdmodo as familias e a escola e, portanto, fazendo com que
sejam menos encaminhadas a tratamento (GOLFETO & BARBOSA, 2003). Estudos
que relacionam o TDAH e as comorbidades associadas demonstram que meninas
tem mais disturbios de internalizagao (depressao e ansiedade), enquanto meninos,
disturbios de externalizagdo (desordens de conduta e opositivas) (HASSON & FINE,
2012; GAUB & CARLSON, 1997; NUSSBAUM, 2011). Tais diferengas podem levar,
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na maioria das vezes, ao subdiagnostico no sexo feminino (BIEDERMAN et al.,
1994).

1.1.2 Neurobiologia

Considerando que o TDAH manifesta-se de mais de uma forma, nenhuma
alteracdo em um unico sistema de neurotransmissores parece ser responsavel pelo
aparecimento desse transtorno. Os estudos indicam o envolvimento principalmente
das catecolaminas, em especial da dopamina e noradrenalina.

Existem algumas teorias propostas para tentar explicar a neurobiologia do
TDAH. A teoria bioquimica se refere quase que exclusivamente a hipofuncdo do
sistema dopaminérgico (CASTELLANOS, 1997). O sistema dopaminérgico
executaria acbes modulatorias distintas na transferéncia de informacgdes por meio de
circuitos neuronais que conectam o talamo, o cortex pré-frontal e os neurdnios dos
ganglios da base (CASTELLANOS, 1997). De maneira geral, as rotas
dopaminérgicas mesocorticais (area tegmental ventral e coértex pré-frontal) e
nigroestriatal (substancia nigra e estriado) estariam predominantemente envolvidas
na sintomatologia do TDAH: uma hipofungdo nas areas corticais seria responsavel
por deéficits cognitivos e nas fungdes executivas, enquanto que uma
hiperfuncionalidade dopaminérgica em areas estriatais resultaria nos sintomas de
hiperatividade e impulsividade (THIERRY et al., 1988)

Apesar do papel importante dos sistemas dopaminérgico e noradrenérgico na
neurobiologia do TDAH, alguns autores relacionam outros sistemas neurais com a
patofisiologia desse transtorno, uma vez que a disfungdo dos sistemas
dopaminérgicos e noradrenérgicos poderia acarretar disfungées GABAérgicas e
glutamatérgicas (POSNER & PETERSON, 1990; PLISZKA, 1992, PLISZKA e cols.,
2000). De acordo com essas teorias, projecdes excitatorias glutamatérgicas séo
enviadas do cortex pré-frontal (CPF) para estruturas do estriado, que por sua vez,
envia projegdes inibitorias GABAérgicas para neurdnio da substancia nigra. A partir
desse evento ha inibicdo dos nucleos talamicos, que finalizam o circuito com o envio
de projegdes excitatérias glutamatérgicas para neurdnios corticais. Considerando
que esses diferentes circuitos estdo relacionados com memoria, atencdo e
atividades motoras, explica-se a complexidade e heterogeneidade do TDAH. Um dos

autores defende ainda que os varios sintomas do TDAH sao resultado de um déficit
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do controle inibitorio, ou seja, uma falha no controle dos comportamentos e nas
fungbes executivas (BARKLEY, 1997).

A teoria anatomofuncional, descrita por Riesgo e Rohde (2004), descreve
disfuncbes nas areas frontais e suas conexdes subcorticais no sistema limbico.
Portanto, no principio, s6 havia um sistema atencional e o TDAH era entendido
como um fraco controle inibitério frontal sobre as estruturas limbicas. No entanto, a
teoria de um unico centro atencional - apesar de bem comprovada por estudos
neuropsicolégicos de neuroimagem funcional e de neurotransmissores - pode
explicar alguns casos do TDAH, mas nao todos. A visdo completa deve incluir uma
circuitaria neural com dois sistemas atencionais: o anterior, que envolve a regido
pré-frontal e suas conexdes subcorticais e é responsavel pelo controle inibitério e
fungdes executivas, como a memoaria de trabalho, parece ser dopaminérgico. Ja o
posterior, parece ser predominantemente noradrenérgico e é responsavel pela
regulacdo da atencado seletiva (ROHDE & HALPERN, 2004; RIESGO & ROHDE,
2004). Outra regido importante relacionada com atengao € o locus ceruleus, o qual é
constituido de neurbnios adrenérgicos, sendo ativo em respostas a estimulos
especificos (PLISZKA et al, 1996).

Ainda, a redug¢ao volumétrica de varias regides cerebrais € bastante relatada,
principalmente nas vias ricas em dopamina (DA) na regido fronto-estriatal e
cerebelo, que também esta envolvido na patologia do TDAH (STALLER &
FARAONE,2006). Um estudo demonstrou menor volume na regido vermal do
cerebelo em meninos com o transtorno, quando comparados aos meninos sem
TDAH (BERQUIN, GIEDD & JACOBSEN ,1998). Além disso, parece haver uma
lateralidade na diminuicdo de outras regides, como no lado direito do lobo frontal,
globo palido e caudado. Em meninas com TDAH também foi encontrado um
pequeno volume na regido posterior- inferior do vermis do cerebelo quando em
comparagao as meninas saudaveis (CASTELLANOS et al, 2001). Nesse sentido,
com relacdo as diferengas da neurobiologia entre os géneros, foi relatada uma
diferenga estrutural do corpo caloso entre meninas e meninos na adolescéncia,
sendo a parte esplénica menor nas meninas e a rostral, menor nos meninos
(NUSSBAUM, 2011).
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1.1.3 Diferenga entre os sexos no TDAH

No sexo feminino € mais frequente o tipo com predominio de sintomas de
desatencao e parece apresentar, conjuntamente com o tipo combinado, uma taxa
mais elevada de prejuizo académico (ROHDE, 2000), uma vez que as meninas
parecem ser mais prejudicadas no nivel intelectual (GAUB & CARLSON, 1997).
Diferentemente do sexo feminino, o masculino demonstra pronunciada
hiperatividade (POETA & NETO, 2004, GAUB & CARLSON, 1997).

Quando os individuos com TDAH passam para a idade adulta, a proporgao
entre os sexos se inverte, isto €, enquanto nos meninos os sintomas podem estar
declinando, nas meninas podem estar aumentando (TAYLOR & KELTNER, 2002).
Isto pode ser explicado pela influéncia do estrogénio no aumento da concentragao
dos neurotransmissores DA, serotonina e noradrenalina (NE), como visto em um
estudo feito por Archer (1999). Fink et al (1996) encontraram um aumento
significativo de DA no estriado de fémeas em resposta a estimulagao do estrogénio.
Em estudos feitos com ratos e ratas verificou-se que durante o desenvolvimento pré-
pubere dos machos ha uma superprodugao de receptores dopaminérgicos no corpo
estriado, o que pode contribuir para a hiperatividade. No entanto, quando eles
atingem a fase adulta, existe uma redugao de 55% na densidade dos receptores, ao
passo que nas fémeas ha um aumento dos receptores dopaminérgico no estriado
pela influéncia do estrogénio (ANDERSEN & TEICHER, 2000).

1.1.4 TDAH e Transtorno por Uso de Substancias

Cerca de um total de 50% a 90% de todas as criangas com TDAH possuem
outras doencgas psiquiatricas (SPENCER, BIEDERMAN, & WILENS, 1999; WILENS
et al., 2002; NUSSBAUM, 2011) e dentre elas, os transtornos relacionados ao abuso
e dependéncia de alcool e outras drogas (ADAD) estdo entre os mais prevalentes
(KLASSEN et al, 2012), o que pode intensificar os sintomas do TDAH e dificultar o
diagnodstico. Devido a essas alteragcdes, € necessario haver uma histéria clara de
que os sintomas do TDAH s&o anteriores ao uso de substincias antes de
diagnosticar o transtorno em pacientes que fazem o abuso de drogas (MARIANI &
LEVIN, 2007).
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Os individuos adolescentes com TDAH s&o duas vezes mais suscetiveis a
usar drogas durante a adolescéncia, sendo que, muitas vezes, buscam essas
substancias com o intuito de acalmar os sentimentos de ansiedade e inquietagéo
consequentes da desordem; ja outros procuram os estimulantes para aumentar a
capacidade de concentragao (“auto-medicacao”) (RESTAK, 2003). Em comparagéo
com individuos normais controles, pacientes com o TDAH parecem apresentar um
consumo mais precoce de alcool e outras drogas, inclusive em termos de
quantidades e dependéncia (VENDRUSCOLO & TAKAHASHI, 2010).

Ha um grau de associagao relativamente alto entre TDAH e uso de cocaina
na adolescéncia e na idade adulta (BIEDERMAN e cols., 1995; MCGOUGH e cols.,
2005). De acordo com Biederman (1995) e Wilens (1994), 50% dos adultos com
TDAH tém uma histéria de abuso de substancias. Mais recentemente, Wilens e cols.
(2004) mostraram que adultos diagnosticados com TDAH apresentam um potencial
de risco maior de desenvolver quadros de dependéncia a cocaina do que os
individuos sem o transtorno. Ainda, um estudo realizado entre adolescentes em
tratamento de dependéncias de drogas, revelou que 34% deles apresentavam
paralelamente o diagnostico de TDAH (GORDON et al., 2004). Szobot et al.(2007)
mostraram, em um estudo realizado com 968 adolescentes brasileiros do sexo
masculino, que ha uma forte relacdo entre o TDAH e a probabilidade do
desenvolvimento de uso de substancias. Em 2011, uma meta-analise publicada por
Lee e cols com a revisdo de mais de 20 estudos, reafirmou que o TDAH na infancia
esta associado a um risco significativamente maior (2x) de uso de cocaina e de
outras drogas na fase da adolescéncia e adultez jovem. Além disso, adolescentes
com TDAH, quando comparados com seus irmaos que nao apresentam o transtorno,
possuem um risco aumentado de desenvolver abuso de substancias, bem como
iniciam o uso mais cedo e de forma cronica (BARKLEY et al., 2004; KING et
al.,1999; RIGGS,1998). O interesse desses individuos pelo uso de substancias
psicoativas € influenciado pela atracdo pela novidade e a impulsividade
caracteristica (BIEDERMAN et al., 2008; MOLINA,SMITH, & PELHAM, 1999).

Em pacientes diagnosticados com TDAH, apesar da piora acentuada nos
quadros de dependéncia quimica ocasionado pelo abuso de cocaina, ha uma
melhora sintomatica do TDAH, o que propicia um continuo re-uso da droga
(CASTANEDA E cols., 2000). Em vez de excitagéo, os pacientes com TDAH, sentem

efeitos benéficos como diminuicdo da agitacdo motora, estabilizagdo do humor,
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melhora na atengado e capacidade de pensar (CASTENEDA et al., 1999; CARROLL
& ROUNSAVILLE, 1993). Isto acontece, pois ha relacdo entre o0 mecanismo de agéo
da droga e a fisiopatologia do transtorno, ja que ambas estdo diretamente
relacionadas a sinalizagdo de DA e NE, assim como ocorre com o metilfenidato,
farmaco utilizado no tratamento do transtorno (DEL CAMPO et al., 2011; VOLKOW
et al., 2009).

Assim como na clinica, estudos pré-clinicos, como o realizado em nosso
laboratério, por Azeredo e cols (2010), mostraram que a cocaina em baixas doses
reverte a hiperatividade locomotora em ratos induzidos ao TDAH pelo modelo de
lesdo dopaminérgica neonatal com 6-Hidroxidopamina (6-OHDA), demonstrando o
efeito paradoxal desta droga. Este resultado pode ser explicado pelo aumento da
concentragcdo de DA extracelular causada pela administracdo de cocaina que
inverteria a diminuicdo da funcionalidade da via mesolimbica dopaminérgica
lesionada pela neurotoxina 6-OHDA, atenuando, dessa forma, a hiperatividade deste
modelo de TDAH (VOLKOW et al., 2002).

1.1.5 Modelos animais de TDAH

O estudo da neurobiologia e sua relagdo com o comportamento referente ao
TDAH pode ser realizado com a utilizagdo de modelos animais. Embora estes
animais possuam um sistema nervoso com funcionalidade relativamente simples, o
estudo desta patologia psiquiatrica € bem aplicado. Varios modelos animais tem sido
usados nas ultimas décadas para estudar diversos aspectos do transtorno (VAN
DER KOOIJ & GLENNON, 2007): a) modelos de camundongos resultantes de
alteragcdes genéticas: camundongo mutante Coloboma, camundongos knock
out/down para o gene transportadores de dopamina (DAT), camundongo mutante
para o receptor tireoidiano beta; b) modelos de ratos resultantes de alteragdes
genéticas: ratos espontaneamente hipertensos (SHR); Wistar-Kyoto derivado de
rato hipertenso (WKHA); c) modelos resultantes de lesdes: hipdxia neonatal, 5-
bromo-2’deoxiuridina (BrdU) pré-natal, atrofia cerebelar, irradiagdo do hipocampo e
lesdo dopaminérgica neonatal . Dentre os modelos, os mais utilizados nas pesquisas
pré-clinicas sdo os modelos SHR e lesdo dopaminérgica neonatal.

Um modelo animal para ser considerado adequado, precisa preencher trés

critérios de validade: a validade de face, ou seja, mimetizar os déficits
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comportamentais fundamentais que caracterizam a sintomatologia do TDAH;
validade preditiva, ou seja, o modelo animal precisa responder aos tratamentos
farmacolégicos do TDAH; validade de construto, ou seja, o0 modelo animal deve
estar em conformidade com a fundamentagdo tedrica do transtorno (fungao
dopaminérgica alterada) (RUSSELL et al., 2005; SAGVOLDEN, 2000; SAGVOLDEN
et al., 2005). Tendo em vista esses critérios, 0 modelo de ratos espontaneamente
hipertensos tem sido questionado, pois estudos mostraram que este modelo falha no
que diz respeito a validade preditiva, uma vez que ha um aumento da hiperatividade
quando estes animais sao tratados com metilfenidato e anfetamina, diferentemente
do que acontece na clinica (AMINI et al., 2004).

Por outro lado, o modelo de lesdo dopaminérgica neonatal por 6-OHDA se
enquadra mais completamente nos trés critérios de validade, uma vez que acarreta
uma hiperatividade motora caracteristica do TDAH (SHAYWITZ et al., 1976) , além
de déficit de aprendizagem e de memoéria (LUTHMAN et al., 1989; ARCHER et al.,
1988) alteragbes dopaminérgicas e diminuicdo da hiperatividade com a
administragcao de psicoestimulantes, como metilfenidato. Uma revisdo de Van Der
Kooij & Glennon (2007) concluiu que o modelo de lesdo dopaminérgica neonatal € o
modelo que melhor representa comportamentalmente e farmacologicamente o
TDAH.

A 6-OHDA ¢é uma neurotoxina que ocasiona dano nos terminais
catecolaminérgicos através de uma ligagao toxica irreversivel aos transportadores
destes neurdnios (PEARSON et al., 1980). A molécula de 6-OHDA, por apresentar
estrutura similar as catecolaminas endoégenas (BLUM et al.,2001) é absorvida e
armazenada intracelularmente através dos transportadores de membrana dos
neurbnios dopaminérgicos e noradrenérgicos. Apos sua entrada nas células
neuronais a neurotoxina pode ser degradada pela monoamina-oxidade (MAO) ou
por auto-oxidagdo, gerando varias espécies citotoxicas, como ROS (espécies
reativas de oxigénio), H202 (peroxido de hidrogénio) e quinonas, que danificam
proteinas intracelulares e o nucleo, produzindo dano neuronal. Além desses eventos,
a 6-OHDA pode induzir toxicidade neuronal alterando a atividade mitocondrial
(Figura 1) (COHEN, 1984; LUTHMAN et al., 1989; VAN KAMPEN et al., 2000,
SIMOLA et al.,, 2007). A fim de selecionar como unico alvo os neurdnios
dopaminérgicos, € administrada intraperitonealmente 30 minutos antes da injegao de

6-OHDA um bloqueador dos transportadores de noradrenalina, a desipramina,



19

evitando assim, o dano dos terminais noradrenérgicos. Dessa forma, acredita-se que
ao lesionar os neurdnios dopaminérgicos e proteger os noradrenérgicos, ocorre uma
hiperinervagao serotoninérgica, acarretando um aumento da serotonina no estriado,
que pode contribuir para o aparecimento de comportamentos disfuncionais (MRINI et
al., 1995; MOLINA-HOLGADO,1994; KOSTRZEWA, 1998). As lesGes ocasionadas
nos neurdnios dopaminérgicos sdo geralmente parciais, resultando em cerca de 80%
de fibras lesionadas apds a injecao intracisternal da neurotoxina (SHAYWITZ e cols.,
1976). Na figura 2 é possivel observar a imunorreatividade estriatal da tirosina
hidroxilase, ilustrando a destruicdo seletiva dos neurdnios dopaminérgicos apos

lesdao neonatal com 6-OHDA.
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Figura 1: Mecanismos de neurotoxicidade induzida por 6-OHDA. Apos ser
recaptada do espaco extracelular através do DAT ou NAT, a molécula de 6-OHDA é
armazenada nos neurdnios catecolaminérgicos. Uma vez dentro dos neurdnios, a 6-
OHDA sofre degradacado enzimatica pela MAO-A e auto-oxidagao, resultando em

especies citotoxicas, as quais, através de danos em proteinas intracelulares e
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nucleo, produzem dano neuronal. Além disso, 6-OHDA pode induzir neurotoxicidade
por prejudicar a atividade do complexo mitocondrial I. Em experimentos animais, a 6-
OHDA é usualmente administrada em associagdo com bloqueadores da NAT, como
a DMI, para prevenir que a molécula seja recaptada pelos terminais noradrenérgicos
e para selecionar como alvo os neurénios dopaminérgicos. DAT: Transportadores de
Dopamina; NAT:. Transportadores de Noradrenalina; DMI: Desipramina; MAO-A:
Monoamina-oxidase A; ROS: Espécies Reativas de Oxigénio; H-0O: : Perdxido de
Hidrogénio; 6-OHDA: 6-Hidroxidopamina.
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Figura 2: Imunohistoquimica da tirosina hidroxilase apés o tratamento
neonatal com 6-hidroxidopamina. Este rato adulto recebeu desipramina 30 min antes

da administracao intracisternal de 6- OHDA aos 3 dias de idade.
1.1.6 Modelos animais para dependéncia de drogas.
Inimeras técnicas foram desenvolvidas para modelar aspectos especificos do

comportamento de consumo de drogas, tornando possivel a compreensdo das

bases neurobioldgicas e os sistemas cerebrais envolvidos nas propriedades de
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recompensa das substancias psicoativas. No entanto, nas ultimas décadas, novos
modelos foram propostos na tentativa de desvendar mais especificamente os
mecanismos de dependéncia (VANDERSCHUREN & AHMED, 2013). Os modelos
de maior importancia sdo o modelo de livre escolha (free-choice bottle model ou two-
bottle choice technique), o modelo de preferéncia de lugar (conditioned place
preference) e o modelo de autoadministragdo em caixas de condicionamento
operante (operant self-administration).

O modelo de livre escolha é um método de autoadministragdo ndo operante
em que o animal tem a disposicdo duas garrafas, uma com agua e outra com a
droga em estudo. Dessa forma pode-se verificar a preferéncia do animal, bem como
estimar a dose de droga ingerida. Este modelo € muito utilizado para estudos com
alcool (PLANETA, 2013), porém varios estudos com cocaina ja foram publicados
utilizando esse modelo (MARQUARDT et al.,, 2004; BARROS & MICZEK,1996,
AZEREDO et al.,2010) embora essa via n&o seja a principal entre os usuarios de
cocaina. Apesar disso, um estudo demonstrou que a concentragado plasmatica da
cocaina em humanos tem o mesmo perfil de concentragdo apés o uso pela via
intravenosa (FANG et al.,, 1999). Dois estudos realizados em nosso laboratorio
verificaram que a administracdo oral de cocaina através deste modelo é capaz de
induzir reagdes a retirada da droga, como o aumento de vocalizagdes ultrassdnicas
(BARROS & MICZEK,1996) e comportamento tipo-depressivo no teste de nado
forcado (MARQUARDT et al., 2004).

O modelo de preferéncia de lugar é utilizado em animais de laboratério para
medir a recompensa de drogas. Neste método sdo usadas caixas que possuem trés
compartimentos: dois espagos com caracteristicas diferentes (por exemplo, com
cores e materiais diferentes) e um espacgo neutro. Os animais sdo condicionados a
associar os efeitos da droga a um dos compartimentos. O experimento consiste em
primeiramente ambientar o animal as diferentes cameras; na préxima fase
administra-se a droga em estudo e coloca-se o animal confinado em um dos
compartimentos; e na ultima fase coloca-se o animal no espaco neutro e verifica-se
para qual dos compartimentos ele vai se direcionar. Dessa forma é possivel analisar
o potencial de reforco da droga se o animal passar a maior parte do tempo no
compartimento em que aprendeu a associar a substancia (BARDO & BEVINS, 2000;
CRUZ et al.,2010).
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O modelo de autoadministracdo em caixas de condicionamento operante é o
que melhor avalia as propriedades reforgadoras de uma droga, uma vez que testa o
quanto o animal trabalha para receber a substancia (PLANETA, 2013). As caixas
contem barras que ao serem pressionadas acionam uma bomba externa contendo a
solugao a ser injetada (Figura 3). Esse sistema é conectado a um computador que
contém um programa especifico com o protocolo de interesse programado pelo
pesquisador. A primeira fase deste modelo consiste em um treinamento para
aquisicado do comportamento operante, ou seja, fase em que os animais aprendem
que a pressao na barra gera a liberagao de um reforgo, que pode ser realizada com
alimento ou solugdo com sacarose, dependendo do modelo de caixa utilizada. Apds
a fase de aprendizado, inicia a fase do teste onde o reforgo do treino € substituido
pela solugdo com a droga a ser estudada, sendo que o reforgo pode ser via oral ou
intravenosa (PLANETA, 2013; FRANS VAN HAAREN, 1993).

Figura 3: Sistema de autoadministragcao (registros do autor). Composto por
caixa de autoadministragdo contendo duas alavancas em uma das paredes, que
acionam a bomba de infusdo apds pressionadas. Entre as alavancas ha um orificio
por onde o animal consome a solucao oral. As caixas de autoadminitragcdo sao
envoltas por um caixa de madeira, para evitar grande propagacao de ruido para a
sala de experimentagao.

Em experimentos com animais, ja esta bem estabelecido que existem
diferencas entre machos e fémeas na resposta comportamental a psicoestimulantes
(PERROTI et al., 2001; QUINONES-JENAB et al., 1999). Ratas fémeas apresentam
maior consumo de cocaina durante a sessao de autoadministracdo e aumento de
resposta a esquemas de razao progressiva de reforco (KERSTETTER AND KIPPIN,
2011). As fémeas também mostram maior resposta locomotora e maior

sensibilizacdo a psicoestimulantes (WISSMAN et al., 2011).
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Em um estudo realizado por Russo e cols (2003) para determinar a
preferéncia condicionada de lugar por diferentes doses de cocaina em ratos de
ambos os sexos, verificou-se que as fémeas preferiam as doses mais baixas (5 e 10
mg/kg) e os machos a dose elevada (20mg/kg).

Roth & Carroll (2004) compararam a autoadministracdo intravenosa entre
machos e fémeas e verificaram que as fémeas se autoadministram mais que os
machos em sessdes longas de 6 horas de duragdo. Ja quando a sessao tinha
duracdo de 1 hora, os machos apresentavam maior numero de reforcos que as

fémeas.

1.2 SISTEMA GABAERGICO

1.2.1 Acido y-Aminobutirico (GABA)

O acido gama — aminobutirico (GABA) é considerado o mais importante
neurotransmissor inibitério do SNC (TWYMAN & MACDONALD, 1991) e como tal,
desempenha um papel fundamental na modulagédo da atividade neuronal (BETTLER
et al., 2004), tanto em termos de excitagdes ou inibigdes sinapticas, interagindo com
outros sistemas neuronais, como o0s sistemas dopaminérgico, noradrenérgico e
glutamatérgico, regulando de forma especifica as interagdes entre neurbnios
adjacentes em distintas areas do SNC [GRAY e cols., 1991].

O sistema GABA €& um dos que nos interessa estudar na relagdo de
desenvolvimento de dependéncia aos psicoestimulantes, pois estudos recentes
mostram modulacdo deste sistema pelo uso continuado de cocaina (AZEREDO e
cols., 2010). Estas alteracbes de plasticidade estdo citadas como mecanismos
importantes da dependéncia aos psicoestimulantes, e o sistema GABA tem sido
apontado como um potencial alvo para o tratamento deste transtorno psiquiatrico.
Nas ultimas décadas estdo se acumulando evidéncias que o GABA tem participacao
nos efeitos da cocaina. Em estudo realizado em nosso laboratorio, a
autoadministracdo de cocaina provoca mudangas na transcricdo génica de diversas
subunidades do receptor GABAA no cértex pré-frontal, hipocampo e estriado de ratos
no modelo animal de lesdo dopaminérgica neonatal (AZEREDO e cols., 2010).

O neurotransmissor GABA é sintetizado a partir do glutamato como produto
de uma reacédo catalisada pelas enzimas acido-glutamico descarboxilases (GADss e
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GADe7) encontradas apenas em neurfnios que sintetizam GABA no cérebro
(ERLANDER, et al., 1991), e entdo é carregado por vesiculas transportadoras de
neurotransmissores e liberadas dos terminais nervosos por exocitose dependente de
célcio ( FON & EDWARDS, 2001). Apdés sua acado, o GABA é metabolizado a
succinato através de duas reacdes pelas enzimas GABA-transaminase e
semialdeido-succinato desidrogenase [KORPI, 2002]. A enzima GABA-transaminase
ocorre em neurbnios pos-sinapticos e em células da glia, onde participa da
inativacdo do GABA apés sua liberacdo, sendo por isso considerado responsavel
pelo controle da manutencdo de concentracdes apropriadas de GABA pré-sinaptico
(DELUCIA et al., 2007)

O GABA é particularmente abundante no cérebro. Nos sistemas neuronais
como os localizados nos ganglios basais, especialmente a substancia negra e o
globo palido concentram altos niveis de GABA (cerca de 10umol/g de tecido), o que
sugere a importancia desse neurotransmissor nessa area cerebral. Ja na substancia
cinzenta o GABA ocorre em concentragbes mais baixas (2-5umol/g de tecido). O
conteudo do GABA ¢é de 200 a 1000 vezes maior do que de outros
neurotransmissores. No tecido estriatal, o GABA é o principal transmissor e esta
localizado nos interneurdnios curtos e em neurbnios que se projetam para a
substancia negra e o globo palido. Praticamente todos os neurénios sdo sensiveis
ao efeito inibitorio do GABA, ou seja, ele se distribui por todo o sistema nervoso
central (SNC), demonstrando ter uma agcdo em quase todas as areas cerebrais ao
mesmo tempo (RANG, 2004; DELUCIA et al., 2007).

1.2.2 Receptores GABAA

Os efeitos do neurotransmissor GABA sdo mediados através da ativagao de
receptores ionotropicos e metabotropicos: GABAa, GABAs, GABAc localizados nos
neurénios pré ou pos-sinapticos (CHERUBINI & CONTI, 2001) . Os receptores
GABAA e GABAc sdo ionotrdpicos, ou seja, consistem em um canal idbnico regulado
por ligante, enquanto o GABAs € metabotrépico, acoplado a proteina G. Os
receptores GABAc sao uma variante dos receptores GABAAa diferenciados na retina
(OLSEN & SIEGHART, 2009).

Os receptores GABAA, de localizagao pré e pos-sinaptica, medeiam a maioria

das neurotransmissdes inibitérias rapidas no cérebro de mamiferos. A ligagao do
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ligante neste receptor causa uma mudanga conformacional na proteina do canal que
resulta em influxo de ions através dos poros para o interior da célula. Esses ions,
principalmente, sdo os ions Cl-, no entanto o anion HCO3 - (bicarbonato) também
pode permear o poro do canal, ainda que de forma menos eficiente. Como o
potencial de membrana do CI- é, em geral, negativo em relagdo ao potencial de
repouso da célula, o aumento da permeabilidade deste ion hiperpolariza a célula,
reduzindo, assim, a sua excitabilidade (OWENS & KRIEGSTEIN 2002; RANG, 2004;
KAILA, 1994; BORMANN, et al., 1987).

A composigao proteica do GABAAa é apresentada na forma de um complexo
glicoproteico transmembranico heteropentamérico, ou seja, a estrutura € composta
por cinco subunidades polipeptidicas, sendo que o arranjo conformacional dessas
subunidades define sua funcionalidade dentro de um circuito neuronal (Figura 4). Ja
foram identificadas seis subunidades a, trés B, trés y, uma 8, uma €, uma 1T € uma
0, totalizando 16 subunidades que séo codificadas a partir de 19 genes (BORMANN,
et al., 1987; MACDONALD & OLSEN, 1994; MEHTA & TICKU, 1999, SIMON et al.,
2004). No SNC, este receptor pode possuir diversas combinagbes dessas
subunidades, podendo resultar em alteragbes na afinidade dos ligantes pelos
receptores, e com isso, resultar em respostas diferentes a determinados ligantes
(BARNARD et al., 1998). Esta descrito que em ratos as principais subunidades
proteicas que compdem os receptores GABAA sé&o o, B,ye 6, € as combinagdes
apresentadas sao formadas pelas subunidades
ol Bey2, a2Pey2, a3Pey2, adPey2, asSPey2, abPey2, adpd e a6Pd (JECHLINGER et al.,
1998; OLSEN & SIEGHART, 2009). Além disso, foi verificado em neurénios de ratos
a diferenciagdo em relagdo as combinagdes de subunidades dependendo da
estrutura cerebral (BARNARD et al., 1998).
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Fonte: BELELLI & LAMBERT, 2005
Figura 4: Representacdo do receptor GABAa formado por um complexo

glicoproteico transmembranico

1.2.3 Sistema GABAérgico e 6-OHDA

Estudos ja realizados demonstram que alteragdes no sistema dopaminérgico
acarretam mudangas no sistema GABAérgico de ratos lesionados por 6-OHDA.
Chadha et. al. (2000) mostrou, apos lesdao dopaminérgica no trato nigroestriatal de
ratos, que ocorre uma alteragdo na expressdao génica das subunidades
al, a4, B2 ey2 do receptor GABAA no talamo e génglio basal. As alteragdes mais
relevantes encontradas foram um aumento da expressao das subunidades al e
B2 na regido nigroestriatal, e uma paralela redugcéo dessas subunidades no globo
palido. Estudo realizado em nosso laboratério em ratos com leséo
dopaminérgica por 6-OHDA via intracisternal, verificou aumento da expressao de
RNA mensageiro da subunidade o2 ,o4 e 32 no coértex pré-frontal, aumento da
expressao das subunidades B1 e B2 no hipocampo, e no estriado foi encontrado um
aumento da expressao de o2 e uma diminuigdo na expressao de B2 (AZEREDO et
al., 2010).

Embora tenha realizado a lesdo dopaminérgica pela via subcutdanea em ratos
recém-nascidos, cujo mecanismo € provavelmente diferente, o estudo realizado por
Podkletnova et al (2000) é de grande relevancia, pois mostrou uma redugéo
significativa dos niveis de expressdo de RNA mensageiro das subunidades
al,a6ey2 de GABAA no neocerebelo e um atraso temporario adicional na

transcrigdo pos-natal de subunidades al e y2 no coértex pré-frontal.

1.2.4 Sistema GABAérgico e Cocaina
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Apss o0 uso de cocaina ocorre a liberacdo de DA no nucleo accumbens e
estriado liberados das projecbes dopaminérgicas da substancia nigra e da area
tegmental ventral (KALIVAS et al., 1990). Varios estudos sugerem que o sistema
GABAérgico pode alterar a atividade dessas proje¢coes dopaminérgicas (KALIVAS et
al,, 1990; STEIN, 1998; YANG e MOGENSON, 1985, 1989). Devido a estreita
interacao entre esses dois sistemas, os receptores GABAa podem ser afetados pela
cocaina, os quais podem participar das alteragdes cerebrais causadas pela liberagao
de dopamina (YAMAGUCHI, 2000). Embora isso seja ja de conhecimento da
comunidade cientifica, o mecanismo através do qual a cocaina interage com os
neurénios GABAérgicos ainda n&o esta bem elucidado (KALIVAS,2007; ARIANO,
1996). Estudos mostraram que repetidas injegcdes de cocaina diminui o numero de
receptores GABAa e a estimulacédo do GABAA pela absor¢do de CI- no estriado de
ratos (PECINS-THOMPSON & PERIS, 1993; PERIS, 1996). Outro estudo verificou
que em ratos sensibilizados a cocaina ha uma diminuicdo da expressao da
subunidade a2 no nucleo accumbens (CHEN et al., 2007).

Yamaguchi (2000) demonstrou que apés 30 minutos de uma inje¢do aguda de
cocaina had uma diminuicao da expressao da subunidade a1 no cértex parietal e
cerebelo de ratos, porém essa diminuicdo € revertida no cerebelo apds 4 horas da
injecdo. Neste estudo eles também verificaram que, diferentemente do que acontece
com a1, a subunidade a6 n&o apresentou alteragdes significantes em nenhuma das
regides analisadas, a saber: cortex cingulado, cortex fronto-parietal, cortex temporal,
estriado, tdlamo, giro dentado e cerebelo. Além dessas alteragdes, eles observaram
que houve reducgao significante da subunidade B2 no cértex cingulado 30 min depois
da injegao, e ainda que B3 diminuiu sua expressao de RNA mensageiro no estriado e
um aumento no giro dentado 1 hora depois da injegdo. Dessa forma é possivel
perceber que ha uma rapida alteragdo dos niveis de RNA mensageiro das
subunidades do GABAA, demonstrando a agado da cocaina na transcricdo ou na
degradagdo do RNAm, ou seja, a cocaina pode ter uma influéncia muito importante
na inibicdo ou ativacao dos fatores de transcricdo. Interessantemente, dois estudos
apontam que a ativacdo de receptores de dopamina resulta em aumento da
liberagdo de GABA no cortex (BOURDELAIS & DEUTCH, 1994; GROBIN &
DEUTCH, 1998). Sendo assim, as reduc¢des de expressdo de RNAm da subunidade



28

ol obervada no cértex pode ser explicado por este mecanismo mediado pelo
receptor induzido pelo agonista, no caso o GABA (YAMAGUCHI, 2000).

1.2.5 Sistema GABAérgico, 6-OHDA e Cocaina

Estudo realizado em nosso laboratério em animais machos lesionados pela
injecdo intracisternal por 6-OHDA que foram submetidos a autoadministragéo oral de
cocaina pelo modelo Two Bottle Choice demonstrou que a cocaina atenua a
expressao de RNAm da subunidade a2 do receptor GABAA do cértex pré-frontal dos
ratos, bem como reverteu o aumento de o4 quando comparados aos ratos
lesionados para os quais foi disponibilizado somente agua. Quando a expresséo de
RNAm de B1 foi analisada, verificou-se um aumento significante desta subunidade
nos ratos lesionados que consumiram cocaina, ao passo que a subunidade B2 teve
sua expressao atenuada apos o consumo oral de cocaina, quando considerado o
coértex pré-frontal dos ratos (AZEREDO et al.,2010).

Ao analisar as modificacbes das subunidades de GABAaA no hipocampo
desses animais, verificou-se que as alteragbes de a2 e B2 ocorreram de maneira
diferente quando em comparacdo ao coértex pré-frontal: houve aumento da
expressdo de RNAmM de o2 e expressao maior de B2 quando comparado aos
controles, sendo que a cocaina nao reverteu esse efeito. Por outro lado, houve
reversdo do aumento da expressdo de RNAmM da subunidade o4 causada pela 6-
OHDA, assim como no cortex, e uma expresséo elevada dos animais 6-OHDA de B1
em relagdo aos controles, que também nao foi revertida com a autoadministragéao
oral de cocaina (AZEREDO et al.,2010).

Analisou-se também o estriado desses ratos, onde foi detectada uma
reversdo da expressdo de o2 nos animais lesionados que consumiram cocaina. Ja
em relagdo as subunidades o4, f1 e f2 nédo se detectou alteragdo na expressao
génica (AZEREDO et al.,2010).

2 JUSTIFICATIVA

O TDAH apresenta-se de maneiras diferentes entre homens e mulheres, e a

literatura sugere que individuos com TDAH exibem um risco aumentado para o uso
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de substancia. (BRADY & SINHA, 2005; WILENS et al., 1994). E dessa forma, o uso
de substancias também parece ser diferente entre os sexos nos individuos com o
transtorno (DISNEY, et al., 1999; BIEDERMAN et al., 2002; STALLER & FARAONE,
2006).

Estudos sugerem que normalmente mulheres s&o mais suscetiveis aos
efeitos das drogas e enfrentam um padrdo mais grave de dependéncia quando
comparadas ao sexo masculino (LYNCH et al, 2002; CARROL et al., 2004, HU E
BECKER, 2008; KERSTETTER & KIPPIN, 2011). Em modelos animais, ratas
adquirem comportamento de auto-administracao a cocaina mais rapidamente e se
auto-administram mais cocaina quando comparadas aos machos (HU et al., 2004;
CAMPBELL et al., 2002).

Estudos demonstram que a sintomatologia do Transtorno pode ser amenizada
com o uso de drogas, principalmente psicoestimulantes, como a cocaina, que
poderia fazer com que individuo buscasse no uso uma forma de automedicagdo. Em
animais foi demonstrado que a autoadministracdo de cocaina em baixas doses
reduz a hiperatividade em ratos machos induzidos ao TDAH.

Portanto, com relagdo ao uso de substancia em individuos com TDAH,
homens e mulheres ndo podem ser vistos da mesma maneira. Poucos estudos pré-
clinicos estudam essas diferengas, principalmente com o modelo de lesdo neonatal
por 6-OHDA e a autoadministragdo de psicoestimulantes. A escassa literatura
acerca do tema evidencia a importancia de mais estudos relacionando diferencas
sexuais no TDAH e no abuso de substadncias, para, assim, auxiliar no
desenvolvimento de diagndstico e tratamento destas patologias, uma vez que pode

haver diferencas também na eficacia do tratamento.

3 OBJETIVOS

3.1 Objetivo Geral

Verificar os efeitos comportamentais e GABAérgicos da autoadministragcéo
oral de cocaina em ratos machos e fémeas induzidos ao Transtorno de Déficit de

Atencao e Hiperatividade por 6-OHDA.
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3.2 Objetivos Especificos

-Comparar o comportamento de autoadministragcdo oral de cocaina
entre machos e fémeas lesionados e nao lesionados com 6-OHDA
- Verificar os efeitos apds prolongada autoadministracdo de cocaina na
hiperatividade de ratos machos e fémeas.
- Analisar as subunidades a1, a2, e y2 dos receptores GABAA no cortex pré-
frontal de ratos machos e fémeas lesionados por 6-OHDA com prolongada

autoadministracao de cocaina;
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Abstract

Attention-deficit/hyperactivity disorder frequently co-occurs with substance use
disorder (SUD), that is related to altered in the GABAergic pathways. The gender
differences influence the symptoms ADHD and substance use. The aim of this study
was to investigate the differences between males and females rats in ADHD model
on the oral cocaine self-administration and its effects in mMRNA expression of
al,a2 ey2 subunits in the prefrontal cortex. ADHD was induced by 6-OHDA
intracisternal lesion and the locomotion was evaluated in a locomotor activity test.
Oral cocaine solution was offered for 27 days, using the operant self-administration,
with different concentrations (0.2mg/ml, 0.3mg/ml and 0.4mg/ml) of cocaine. M
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Sham, M 6-OHDA and F Sham increase locomotor after repetead cocaine. 6-OHDA
rats had lower reinforcement than sham. M 6-OHDA has lower reinforcement than M
Sham in all concentrations of cocaine. F 6-OHDA had lower reinforcement than F
Sham, but it was not significant. F 6-OHDA decreased the reinforcement in higher
concentrations of cocaine. The daily dose of cocaine was higher in F Sham and this
was lower in the F 6-OHDA when increase the cocaine concentration. In these
moments M Sham and M 6-OHDA had similar daily doses of cocaine. On general,
the groups increased the doses with increment of cocaine concentration. The Sham
and 6-OHDA groups did not show differences in al, a2 and y2 subunits GABAAa
MRNA expression, but we observed direct correlation between three subunits in F
Sham group and direct correlation between a2 and reinforcement in M 6-OHDA. Our
results provide important information about the cocaine reinforcement patterns in
animals induced the disorder and the implication of sex in these standards. The
paradoxical effect of cocaine does not happen when there is a high consumption of
the ADHD animals. The expression of the GABAAa receptor subunits, our findings
indicate that there may be significant changes caused by cocaine in animals with
ADHD. So we see the need for more studies to verify the consumption of cocaine in
male animals and induced ADHD females and changes in GABAA subunit expression
related addition to psychostimulants to elucidate the behavioral and neurochemical
bases of the coexistence of these two disorders.

Keywords: ADHD, cocaine self-administration, sex differences, GABAAa, Prefrontal
cortex

Introduction

Attention-deficit/hyperactivity disorder (ADHD) is a heterogeneous develop-
mental disorder characterized by hyperactivity, inattention and impulsivity [1]. The
prevalence of ADHD in the population is estimated at 5% in children and 2.5% in
adults [1]. This disorder is the result of a possible brain abnormality with malfunctions
in the catecholaminergic system, especially involving dopamine and norepinephrine
[15].

There are sex differences in the ADHD symptoms [5,3]. Specifically, boys are
likely to be more hyperactive and impulsive and to have more comorbid externalizing

disorders (e.g., conduct disorder, oppositional defiant disorder), whereas girls are
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more likely to be inattentive and to have comorbid internalizing disorders (e.g., anxie-
ty, depression) [6,18].

Animal models are required for the study the nature and basis of these differ-
ences [3]. Neonatal dopaminergic lesion by 6-hydroxydopamine (6-OHDA) is the first
model recognized to induce hyperactivity in rats [24]. The intracisternal injection of 6-
OHDA is toxic to both dopaminergic and noradrenergic neurons and consequently
reduces DA/NA neurotransmission in the brain. It is also known that if a ADHD model
with only DA deficits is warranted, the NA neurons may be protected by pretreatment
with a NA reuptake inhibitor. Behavioural consequences of intracisternal 6-OHDA
administration to neonatal rat pups include hyperactivity as well as learning and
memory deficits [24,25]. A study from our laboratory showed that hyperactivity may
last until adulthood [7]. The lesions are associated with behavioral sex differences.
Prefrontal 6-OHDA lesion increased locomotor activity in males, but not in females
[26].

Adult ADHD is diagnosed in about a quarter of the patients with substance use
dependence [27]. Children with ADHD have an elevated risk of becoming abusers of
drugs; mainly of cocaine. One of the explanations for the assotiation is because of
the paradoxical effects of psichostimulants which reduce symptoms of the disorder in
adolescence and adulthood [28,29]. The paradoxical effect of cocaine may be repli-
cated in the ADHD rats, as seen by a decrease in locomotion when the 6-OHDA ani-
mals are offered cocaine in a two-bottle choice self-administration method [2].

Non-ADHD human and animal studies show that drugs of abuse affect males
and females differently [30]. Sex differences in the profile of cocaine dependence, for
example, have indicated that women, relative to men, transition faster from first use
to entering treatment, which may be explained by women abusing cocaine more ad-
dictive routes more quickly and reporting a more rapid progression of drug depend-
ence [21,30, 8, 16]. Likewise, as children with ADHD grow, the risk of substance use
is higher in females than in males [4]. In animals, studies with rats show that females
acquire self-administration and develop conditioned place preference to cocaine in
fewer sessions than males [10, 12]. Females also show a greater locomotor re-
sponse and stronger sensitization to repeated cocaine exposure [17, 31].

Several authors relate the pathophysiology of ADHD with other neural sys-
tems, as dysfunction in dopaminergic and noradrenergic systems could result in GA-

BAergic and glutamatergic dysfunction [32, 22, 23]. The hypofunctioning mesolimbic,
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mesocortical and nigrostriatal dopamine pathways fail to modulate GABAergic signal
transmission appropriately [33, 13, 14]. The dopaminergic lesion results in mMRNA
expression of diverse GABAAa subunits in the prefrontal cortex (PFC), hippocampus
and striatum [2]. It is also known that cocaine changes the release of GABA in the
ventral tegmental area (VTA) and alters extracellular GABA levels in the prefrontal
cortex after subacute exposure to cocaine [34, 35].

In the clinical setting it is thought that females and individuals with ADHD pre-
sent a greater risk of cocaine abuse. There is few in neurobiological studies about
the sex differences in regard to ADHD and SUD and the possible implications of the
GABAergic system and there is lack of information regarding the comparison of co-
caine self-administration of males and females in animal models of ADHD. Thus, the
aim of this study was to verify the effects of oral cocaine self-administration on be-
haviors of male and female rats lesioned with 6-OHDA and the correspondent asso-

ciation with GABAA receptors subunits mRNA in the prefrontal cortex.

Materials and methods

Animals

Nineteen female (x 170g) and nineteen male (+ 250g) Wistar rats were
obtained from the animal house of the Universidade Federal de Ciéncias da Saude
de Porto Alegre, Brazil (UFCSPA). Rats were housed in groups of five in
polypropylene cages (40 x 33 x 17 cm) under standard environmental conditions,
such as temperature-controlled rooms (22+2 -C) and a 12-h light/dark cycle (7:00 am
to 7:00 pm). All animals received rodent chow and filtered drinking water ad libitum
until the beginning of self-administration training. During the self-administration
procedures water was restricted 19 hours prior to the sessions.

All'in vivo experiments followed the guidelines of the International Council for
Laboratory Animal Science (ICLAS) and in concordance with the Brazilian law for the
Scientific Use of Animals. This study protocol was approved by the Ethical Committee
for Animal Experimental Procedures of UFCSPA, Porto Alegre, Brazil (n°221/13).

Drugs
Cocaine hydrochloride (0,2mg/ml; 0,3mg/ml; 0,4mg/ml - Merck, Alemanha)

was diluted in a sucrose solution (1.5%). Desipramine HCI, 6-hydroxydopamine (6-
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OHDA .HBr), and ascorbic acid (vehicle) were obtained from Sigma Chemical Co. (St
Louis, Missouri, USA). Desipramine was diluted in saline (2mg/ml). A solution
containing 6-OHDA (0.1mg/ml) dissolved in Ringer solution containing 0.1 mg/ml

ascorbic acid vehicle was administered intracisternally (i.c.).

Procedures

Induction ADHD by lesion 6-OHDA

For each dam, pups were randomly assigned to receive 6-OHDA and others
to receive the control solution, according to the sex. On PND4, before receiving
lesions, 6-OHDA pups were given intraperitoneal injections of desipramine
hydrochloride (20 mg/kg body weight, in 0.1mL) and sham pups were given
intraperitoneal saline. After 30 min, sham animals received a 10uL (Hamilton syringe)
intracisternal injection of vehicle containing 0.1% (w/v) ascorbic acid and the lesioned
group, received the same volume of 6-OHDA solution (100 pg free base), into the
cisternal space, with their heads positioned in hiperflexion to expose the suboccipital
space. The animals were then returned to their mothers. After 21 days, the pups were
weaned. In an earlier study, this procedure consistently produced a 98-99%
depletion of dopamine, and desipramine effectively protected norepinephrine neurons
from the destructive action of 6-OHDA [24].

Self administration

Apparatus

Experiments in rats were conducted in standard experimental chambers
(25x37x28 cm high) made of acrylic and metal with stainless steel rod floor. Each
chamber was equipped with two levers located on the same wall, in which only one
of them was active. The experimental chambers were placed inside of sound proof
timber chambers. The experimental chamber was connected to an infusion pump
containing a syringe to infuse the drug solution with appropriate rate of infusion
(Insight, Brazil). The pressure in the active lever releases 0.2 ml of solution per 10
seconds. Lever pressure during infusion did not produce a second injection, but lever
pressure immediately after completion of the infusion produced another injection.
Responses on the inactive lever were recorded, but had no consequences. The
computer with the Insight® software controlled the program and recorded data.
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Self-administration training sucrose

During 7 day lesioned and sham rats (PND= 50) were trained to press the
active lever (left or right, counterbalanced across rats) on a fixed-ratio 1(FR1)
schedule for sucrose solution (15.10-%/ml) in operant chambers. The sucrose solution
was released on a dispenser. Sucrose solution training sessions lasted for 3 hours.
The training sessions ended when the animal was able to hit 85% or higher in the
active lever in three consecutive daily sessions. In this training the rats were
overnight with water restriction. The three hour sessions were conducted daily

Monday—Saturday.

Cocaine Self-administration

After the training sessions the animals were assigned to the cocaine self-
administration sessions, for 27 days, also on a FR1 schedule, lasting for 3 hours or
until rats received 200 drug infusions. During the first 9 days, each active lever press
resulted in cocaine 0,2mg/ml infusion. The concentration of the cocaine solution was
changed to 0.3 mg / ml in the tenth day of session, and to 0.4 mg / ml on the

nineteenth day session until the 27" session.

Behaviour analysis
Locomotor Activity
Locomotor Activity was used to measure the spontaneous activity of 6-OHDA
and sham rats. Each automated device, consisting of rodent test chambers (80 x 26 x
22 cm; Alsbarch, Porto Alegre, BR) each placed within 4 series of infra-red beams. It
was registered by the low grid of infra-red beams. The photocell cage was coupled to
a digital counter. Each rat was allowed to remain in the test chamber for 20 min, of
which the first 5 min period were considered ambiance [9].
We evaluated the behavior of animals in the locomotion chamber before
beginning of self-administration (basal-PND 45-50) and 26™ of cocaine to verify if
there was an alteration of hyperactive behaviors in male and female rats, as

observed in oral cocaine intake reduces hyperactivity in male rats [2].
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Real-time quantitative PCR (qQPCR)

Reverse transcription combined with real-time quantitative PCR (qPCR) and
the 2— AACT method was used to determine relative gene expression of GABAAR
12, 0u1 € o2 subunit in the prefrontal cortex. Total RNA was extracted from the
prefrontal cortex using the TrizolITM Isolation Reagent Kit (Life Technologies,
Carlsbad, CA, USA) according to the manufacturer’s instructions, and samples were
stored at —-80 -C. cDNA was synthesized using SuperScript Il (Life Technologies,
Carlsbad, CA, USA). DNA was quantified by using a NanoDrop spectrophotometer
(Thermo Fisher Scientific, Wilmington, DE, USA). gPCR analysis was performed at
least in duplicate using the StepOnePlus Real-Time PCR System (Life Technologies,
Carlsbad, CA, USA). The set of primers for GABAA vy2 subunit (sense: 5

GACGATGACCACTCTCAGCA-3 and antisense: 5 -
ACAGTCCTTGCCATCCAAAC-3 ), o2 subunit (sense: 5 -
GACAATGACCACATTAAGCATCAG- 3 and antisense: 5 -
GAGAACAAGCCAGCCGAAGCCAAGA-3 ), ol subunit (sense: 5 -
AAGGACCCATGACAGTGCTC-3 and antisense: 5 -
GGCTCCCTTGTCCACTCATA-3 ), and p-actin (endogenous control) (sense: 5 -
TGTGATGGTGGGAATGGGTCAG-3 and antisense: 5 -

TTTGATGTCACGCACGATTTCC-3 ) was chosen from Rattus norvegicus data from
the National Center for Biotechnology Information. The reaction contained 50 ng
cDNA, 2x Power SYBR Green PCR Master Mix (Life Technologies, Carlsbad, CA,
USA), and 0.17uM of each primer. The genes were amplified with an initial
denaturation at 95 °C for 10 min followed by 40 cycles at 95 °C for 15 s and 60 °C for
1 min and were succeeded by the melting curve stage.

We performed this analysis to know if there was any correlation between the
behavior and the GABAAa subunits mRNA levels.

Statistical analyses

For the analysis of locomotion activity basal, we used a Two Way ANOVA,
considering  factors lesion/sex  and day. For the analysis of
cocaine effects on locomotion behavior, we used a Two Way RM ANOVA,
considering factors cocaine treatment days (baseline, cocaine day 26)

and sex (female or male). For the analysis of
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self-administration parameters, we used a Two Way ANOVA, -considering
factors sex (female or male) and lesion/solution concentration. For the analysis of
self-administration parameters, we used a Two Way RM ANOVA, considering
factors sex (female or male), day (1 to 27) and lesion. The Tukey test was used for
post hoc comparisons when appropriate. For the analyses of gPCR was used Two
Way ANOVA, with sex and lesion as factors. For the analyses of correlation between
parameters was used Pearson Correlation. All data
were presented as means * standard error of the mean. Differences were
considered significant at P < 0.05. The Sigma Stat program (Jandel Scientific Co., v.
3.2, San Jose, USA) was used.

Results
Effects 6-OHDA lesion on locomotor activity

Our results showed that the neonatal dopaminergic lesion increased the
overall locomotion in the 6-OHDA animals (F (1,34) = 5.901, P = 0.021) (Fig.1). It is
also seen that the locomotor activity of the female rats was higher than the male rats
(F (1,34 = 5.901, P = 0.021) maily because hyperlocomotion due to 6-OHDA is seen in

male rats, while Sham males have lower locomotor activity than Sham females
(Fig.1).

Effects of cocaine self-administration on locomotor activity

As showed in Fig.2, we found differences between the locomotion days (F (1,
27y = 35.05, P < 0.001) and interaction between group vs. day of locomotion (F (3, 27) =
3, P =0.048). We detected an increased of locomotor activity level on 26™ day, when
compared to baseline day within M 6-OHDA group (P = 0.016). In the F 6-OHDA
group we not found differences between days. The locomotion on the 26" days was
higher than of baseline day within M Sham group (P< 0.001). The female rats sham
also had increase of locomotion on the 26™ of test (P = 0.019).

Oral Cocaine self-administration
The Fig.3 shows the daily cocaine reinforcement mean in 27 days. The

reinforcement mean was higher in the sham rats than of the 6-OHDA rats (F (1,34) =
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6.81, P=0.013).

Significant interaction was detected between groups with concentration of
cocaine (F (9,1.221) = 5.41, P < 0.001). These results are shown in Fig. 4. The
reinforcement of M 6-OHDA group was lower than M Sham in all concentrations (P <
0.001). F Sham group had lower reinforcement than M Sham in 0 and 0.2
concentration of cocaine (P < 0.001). F 6-OHDA showed an increase of
reinforcement in concentration 0 cocaine when compared to F Sham (P = 0.003). The
reinforcement number was higher in F 6-OHDA than the M 6-OHDA in concentrations
0, 0.3 and 0.4 (P <0.05). The M Sham group presented a decrease of reinforcement
in the concentration of 0.3 and 0.4 when compared to 0.2 (P < 0.001) and a decrease
in the concentration 0.4 when compared to 0 (P < 0.05). In the F 6-OHDA group the
reinforcement number decreased too when compared the 0 concentration to 0.3 and
0.4 (P<0.05). There was no difference in the M 6-OHDA and F Sham groups between
the concentrations.

Our results showed a significant interaction between group and day when we
analyzed the cocaine intake between day 1 and day 27 (F (78,571) = 1.791, P = 0.035).
Within the M Sham, M 6-OHDA and F 6-OHDA groups there are no difference doses
between days. Only F Sham group show doses differences between days: on the day
23 the cocaine intake was higher than day 1, 2, 3, 4, 6, 7, 8, 9, 10, 16, 17 and 18; on
the day 24 the dose intake was higher than day 2, 4, 7, 8, 10, 16 and 18 and on the
day 26 the cocaine intake was higher than the day 4 and 8 (F @s571) = 1.791, P <
0.001).

The statistical analyses detected that the F Sham group had more cocaine
intake than F 6-OHDA and M Sham on the days 13(P = 0.003 and P = 0.013), 23 (P
= 0.002 and P = 0.009), 24 (P = 0.029 and P = 0.017) and 27 (P = 0.029 and P =
0.022) (F 78,571y = 1.791, P = 0.035).

Subunits GABAA mRNA expression
There was no difference in PFC o1, 02 and y2 subunit mRNA expression

between groups. Nevertheless, we found a strong positive correlation between ou/a
(r = 0.860; P= 0.013) and al/y2 (r = 0.834; P 0.020) within F Sham group.
Furthermore, the analyzed showed that there is a strong positive correlation between

o2 MRNA expression with reinforcement (r = 0.828; P = 0.042).
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Discussion

According to studies in humans with ADHD, who present higher risk of cocaine
self-administration, we expected to see higher cocaine reinforcement in our model
with 6-OHDA-lesioned animals [27,28,29]. Our data are different from our
expectations. In this study we showed that male and female rats in the ADHD model
do not present higher reinforcement in an oral cocaine operant self-administration
paradigm in comparison to non-lesioned animals.

It was observed that normal male rats increased lever pressing in the oral
cocaine self-administration paradigm and when higher doses were presented the
lever presses decreased. Other study in normal rats indicates that the number of
lever presses decreases with the increase of cocaine concentration in e.v. self-
administration [58]. Thus, the animals compensate the increase of the dose with the
decrease of lever presses in order to maintain a specific concentration of drug in
blood and brain [59]. In ADHD males the reinforcing pattern is lower than in normal
males and does not change with the increase of cocaine concentration, ie, 6-OHDA
males do not significantly alter the demand for reinforcement. Insufficient dopamine
in the mesolimbic region decreases cocaine reinforcement [60, 61]. Bilateral 6-
OHDA-induced lesions into the nucleus acumbens produced large and long-lasting
decreases in operant responding for cocaine [60].

Differently from the male rats, both non-lesioned and 6-OHDA-lesioned
females present similar cocaine reinforcement. Therefore, in females the dopamine
insufficiency does not alter responses to different doses cocaine in the oral self-
administration paradigm. In line with epidemiological data on human and preclinical
findings from animals, the ADHD female rats appear to be more sensitive to the
reinforcing effects of cocaine as reflected by the acquisition of self-administration [10;
63]. In our study, ADHD female rats, present higher reinforcement in oral cocaine
self-administration than the ADHD males. With these data we can speculate that the
brain of female rats can be protected of neurotoxin or there is a difference in
neuromodulation of the reward system with the growth of females and consequent
release of female sex hormones [40].

As reviewed in other studies [62] one would expect that normal non-lesioned

females would present higher lever-press responding than the males. This was not
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the case with the oral cocaine self-administration. Male rats responded at higher
rates than females. Other studies have also failed to observe the female supremacy
in cocaine consumption and different explanations are presented referring to
methodological issues associated with the observation of the differences between
sexes, such as cocaine doses, the fixed ratio (FR1) of reinforcement and the
complexity of testing schedules [63, 64]. On the other hand, the daily amount of
cocaine consumed increased faster and was higher for non-ADHD females than their
male counterparts, confirming the results that implicate the female gonadal hormones
on the biological basis for higher behavioral sensitization, faster acquisition and
higher conditioned rewarding effects of cocaine in females [10, 12, 17 , 31, 62].

Our results show a pattern of simple inverse relationship between lever
pressing behavior and the total amount of cocaine injected, ie, a dose-dependent
decrease in lever pressing behavior occurred as the dose of cocaine was increased
[64]. The present study shows that when the concentration of cocaine was increased
to 0.3 mg / mL all groups, with exception of 6-OHDA-lesioned females, they increase
the cocaine intake. The normal male rats and 6-OHDA-lesioned males seem to differ
in daily dose of cocaine only when the cocaine concentration is lower, the
intermediate concentration of these animals have the same pattern daily dose of
cocaine consumed. This is not seen between normal and 6-OHDA-lesioned females,
which begin to differentiate at this moment, with normal non lesioned females having
higher consumption than the ADHD females.

Some studies of cocaine self administration were conducted to date in animals
induced to ADHD by intracisternal injection of 6-OHDA. One of the studies that
corroborate our results, it was used the bilateral 6-OHDA injection directly model into
the ventral tegmental area, and showed that the lesioned male decrease cocaine
infusions when compared to non-lesioned males [42]. In one study that the rats
received either bilateral injections of 6-OHDA into the medial prefrontal cortex
(mPFC) after stable response patterns were obtained, the lesions did not affect either
the rate or pattern of intravenous cocaine self-administration,ie, the lesion fail to
influence intravenous self-administration of cocaine, suggesting that mPFC does not
appear to be a critical substrate for the maintenance of cocaine self-administration
[55]. Other study measured the effect of 6-OHDA lesion of the nucleus accumbens
(NAc) on lever-press behavior before and during cocaine self-administration. Its

results showed that destruction of DA terminals in the NAc decreased the total intake
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of cocaine during the self-administration sessions and impaired discriminative lever-
responding for the drug, both during cocaine self-administration. It is concluded that
DAergic systems in the NAc might be involved in the reinforcement and/or
motivational processes underlying cocaine self-administration [56].

The ADHD model of neonatal 6-OHDA lesion is more often studied in male
rodents and is known to induce hyperactive in comparison to sham-lesioned rats.
Several studies showed that the presynaptic neurotoxin 6-OHDA administered
intraventricularly to neonatal rats causes considerable and long-lasting locomotor
hyperactivity in juvenile and adult rats [24, 36, 25, 7,2]. In our case the increased
locomotion seems to be mainly seen in males, while females are naturally more
active rendering that 6-OHDA-lesioned and normal non-lesioned rats present similar
high locomotor activity, as described by other authors [26,37]. The lack of behavioral
motor activity change in females due to 6-OHDA may be due to sex-specific effects of
6-OHDA and female sex hormones. In humans, most girls/women with ADHD do not
show motor hyperactivity as intense as seen in boys/men [26].

Unlike the results found previously in our lab, where cocaine had a paradoxical
effect on the 6-OHDA-lesioned male rats, reversing the motor hyperactivity when
cocaine was consumed orally in a two-bottle choice paradigm, in this study we found
an increase in locomotor activity after oral cocaine [2]. Probably, this occurred
because of the methods differences. In the previous study the two bottle choice
technique was used for oral cocaine self-administration and open field test for
examining the locomotor activity of the animals, while in our study we used the
operant chambers for cocaine self-administration and the horizontal chambers to
measure locomotor activity. The two bottle choice method allowed the animals to
consume around 3 times less cocaine [2] than in the present study with the operant
behavior. Because the animals were more reinforced and received higher doses of
cocaine over a shorter period of time with the operant self-administration in this study,
one may propose that the paradoxical effect was not observable due to the higher
doses of cocaine consumed. Another study that performed the same dopaminergic
lesion showed that low doses of methylphenidate reduces hyperactivity of lesioned
rats by neurotoxin 6-OHDA. The other hand, these authors found that higher doses of
methylphenidate produced potentiated levels of locomotion [38]. Other studies have
tested the impaired locomotor activity after psychostimulant administration. A study

carried out injection directly into 6-OHDA mCPF and found that the locomotor



56

response was dose-dependent in these animals with lesions, ie, since the dose of
cocaine is increased, the locomotor activity increases [51]. In another study, the
injection was made directly in the caudate nucleus, and after amphetamine injection
locomotor activity decreased, however after 14 days of psychostimulant
administration locomotor activity increased to levels similar to those of the sham
group. [52]

The paradoxical effects may be due to increased extracellular dopamine
concentration caused by psychostimulant which can reverse the hypofunction of the
mesolimbic dopaminergic pathway destroyed by 6-OHDA, thus attenuating
hyperactivity model of ADHD [22]. Moreover, the results of our study showing the
increased mobility after a long period of high doses of cocaine self-administration
might be explained by the fact that 6-OHDA have only 20% of intact dopaminergic
neurons, rendering higher susceptibity to dopamine binding [53,57]. Therefore higher
doses of cocaine inhibit reuptake and allow higher extrasynaptic concentration of
dopamine and, consequently, greater chances for dopamine binding to upregulated
D-2 [53,54] receptors, causing increased locomotor response to the psychostimulant.

Although there are no significant differences between ADHD and normal
animals of the different GABA subunits, we can see that, except for a2 subunits in
male rats, the mRNA subunit expressions are lower when the animals are lesioned.
Even though we cannot see a significant change in mRNA expression, it may be
suggested that the increase in the number of animals per group would show
decreased expression of a1 and y2 subunits in the prefrontal cortex in ADHD males,
as well as an increase expression of a2 mMRNA. This apparent increase may be
caused by high doses of cocaine consumed for animals, unlike the previous study
from our laboratory where there was an attenuated of expression in self-
administration of low doses of cocaine in ADHD males [2]. Our study showed
differences between the groups when considering the correlations between the
subunits and cocaine reinforcement. Only normal non-lesioned females
demonstrated the correlation subunit a1, a2 and y2. Thus, it can be suggested that
the lesion with 6-OHDA in females interfere in correlation expressions of GABAA
subunits. Do not has correlation in lesioned males, thus it is suggested that the
finding between sham females after use of high doses of cocaine is related to the

presence of female sex hormones. With our results, we cannot consider that cocaine
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increases the expression of GABAA subunits in the non-lesioned animals after high
doses of cocaine, but for most sex pairs lesioned or non-lesioned, these animals
seems to increase expression, contrary to what was seen in a study where the GABA
receptors of intact rats decreased of expression subunits, after repeated injections of
cocaine [43,44]. Subunits GABAAa expression may change after exposure to cocaine,
due the intense release of dopamine. Several studies show that there may be
increased or decreased subunits GABAa expression depending of the brain region
analyzed and the time of exposure to cocaine. For example, 1 h after the injection of
cocaine in cortex, cerebellum and striatum there is an increase of al, 2 and (3-
GABAA mRNA [45]. In other hand, after 14 days chronic treatment with cocaine, the
subunit B3 GABAA expression was decreased in the cortex, caudate and putamen
[46]. 6-OHDA lesioned male rats exposed to 23 days chronic treatment with cocaine
had decrease subunit a2, a4 and 2 GABAaexpression in the prefrontal cortex, while
B2 subunit was attenuated after oral cocaine. We cannot assert that the sham
animals in this study had changes in mRNA expression after cocaine self-
administration because we do not have non-lesioned group that not receiving
cocaine, but studies have shown that the subunits a1 and a2 are the most involved in
behavior after the use of drugs in non-lesioned animals [47,48]. Between ADHD and
normal males there was also difference in the correlation between variables. Contrary
to what happened in females, ADHD animals showed correlation between variables.
In these animals, the expression of o2 subunit is positively correlated with
reinforcement. This is in accordance with the literature because studies show that the
a2 subunit has very important role in drug addiction, particularly cocaine, because it
is directly involved in reward-related behaviors such as behavioral sensitization to
psychostimulants [49,50].

Therefore, in this other study in our laboratory was seen that hyperactivity of 6-
OHDA-lesioned rats is associated with alterations in the functioning of the GABAergic
system suggesting that cocaine at low doses reverses behavioral changes in animals
hyperactive attenuate defects in the inhibition system induced by 6-OHDA [2], so in
our case, it is suggested that high doses of cocaine self-administered in 6-OHDA-
lesioned animals do not have the capacity to attenuate the GABA system defects
generated by 6-OHDA.
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Conclusion

Our results provide important information about differences in drug reinforcing
patterns in animals, males and females, induced to ADHD and the implication of sex
on these patterns. We also show that the paradoxical effect of cocaine does not
happen when there is a high consumption of this substance by ADHD animals. While
we cannot add clear information about the higher doses of cocaine effects on the
GABAA receptor subunits expression, our findings provide clues that there may be
changes caused by cocaine use in animals that have dopaminergic lesions.
Therefore, there is need for more studies to verify self-administration of cocaine
through different routes in male and female animals induced to ADHD and how

changes in GABAA subunit expression may be related to psychostimulants addiction.
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Legends

Figura1: Differences in locomotor activity responses of young adult 6-OHDA/Sham
during 15 min test in female and male rats. Locomotor activity was significantly
increased in 6-OHDA lesioned rats. Means + SE are presented. * P = 0.021.

Figure 2: Locomotor activity after oral cocaine self-administration. Locomotor activity
was significantly different in the 26™ day from baseline in M 6-OHDA, M Sham and F
Sham’™ P < 0.05. Means + SE are presented.

Figure 3: Daily of number of infusions mean was lower in 6-OHDA lesioned rats. * P
= 0.013. Means * SE are presented.

Figure 4: Daily lever pressing for cocaine solution delivery mean per concentration. *
P < 0.001, different from M Sham. ** P < 0.001, different from M 6-OHDA. M P =
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0.003, different from F Sham. Means = SE are presented.

Figure 5: Daily cocaine intake mean per group during 3 hours. * P < 0.05, different
from F 6-OHDA and M Sham. » P < 0.05, different from day 1, 2, 3,4, 6, 7, 8, 9, 10,
16, 17 and 18. °P < 0.05, different from day 2, 4, 7, 8, 10, 16 and 18. " P < 0.05,
different from day 4 and 8. # P < 0.05, different from day 2, 4, 7, 8, 10, 16 and 18.
Means * SE are presented.

Figure 6: The subunits GABAA mRNA expression analyses in the prefrontal cortex in
the different groups after cocaine self-administration. Means + SE are presented.

Table 1: Pearson correlation between the analyzed parameters of Female Sham and
Female 6-OHDA groups: Basal locomotion, Locomotion 26", Reinforcement, y2, a1
and a2 mRNA expression.

Table 2: Pearson correlation between the analyzed parameters of Male Sham and
Male 6-OHDA groups: Basal locomotion, Locomotion 26%", Reinforcement, y2, a1 and
a2 mMRNA expression.
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Fig1: Differences in locomotor activity responses of young adult 6-OHDA/Sham during 15
min test in female and male rats. Locomotor activity was significantly increased in 6-OHDA
lesioned rats. Means + SE are presented. * P = 0.021.
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Fig 3: Daily of number of infusions mean was lower in 6-OHDA lesioned rats. * P =

0.013. Means * SE are presented.
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Fig 4: Daily lever pressing for cocaine solution delivery mean per concentration. * P
< 0.001, different from M Sham. ** P < 0.001, different from M 6-OHDA. * P = 0.003,

different from F Sham. Means £ SE are presented.
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Table 1: Pearson correlation between the analyzed parameters of Female Sham and
Female 6-OHDA groups: Basal locomotion, Locomotion 26", Reinforcement, y2, o1
and a2 mRNA expression.

F Sham F 6-OHDA
Locom. 26™  Reinforc. 72 al 02 Locom. 26™  Reinforc. V2 al a2
Basal Locom.
r -0,008 -0,015 -0,558 -0,666 -0,043 0.679 0.357 -0.226  -0.093  0.250
P 0,982 0,967 0,250 0,149 0,936 0.064 0.385 0.667 0.842 0.589
Locom. 26"
r 0,393 -0,151 -0,395 -0,530 0.245 -0.385 -0.607 -0.168
P 0,231 0,746 0,380 0,221 0.559 0.450  0.148 0.720
Reinforc.

r 0,136 0,166 0,623 0.125 -0.316 -0.091
P 0,771 0,721 0,135 0.813 0.490 0.846
v2

r 0,860 0,726 0.175  -0.808
P 0,013* 0,065 0.740  0.052
al

r 0,834 0.221
P 0,020* 0.634
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Table 2: Pearson correlation between the analyzed parameters of Male Sham and
Male 6-OHDA groups: Basal locomotion, Locomotion 26", Reinforcement, y2, a1 and
a2 mRNA expression.

M Sham M 60HDA
Locom. 26°  Reinforc. 2 al a2 Locom. 26°  Reinforc. 2 al a2

Basal Locom.

r -0,720 -0,252 -0,351 0,438 0,579 -0,350 -0,423 0,824 0,280 -0,414

P 0,170 0,547 0,563 0,461 0,306 0,395 0,224 0,086 0,591 0,415
Locom. 26°

r -0,047 -0,429 -0,820 0,435 -0,032 -0,077 -0,231  -0,267

P 0,941 0,718 0,388 0,713 0,940 0,902 0,660 0,609
Reinforc.

r 0,322 0,090 -0,213 -0,575 -0,059 0,828

P 0,597 0,885 0,731 0,311 0,912 0,042*
v2

r 0,642 -0,136 0,674 -0,431

P 0,243 0,827 0,213 0,469
al

r 0,554 -0,133

P 0,333 0,802
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6 CONSIDERAGOES FINAIS

O presente estudo fornece informagdes importantes quanto aos padrbes de
reforco de cocaina em animais induzidos ao transtorno e a implicagdo do sexo
nesses padrdes. Além disso, verificou-se que a autoadministracdo oral de cocaina
afetou de maneira diferente os comportamentos de locomocdo dos animais
induzidos ao TDAH por 6-OHDA. Ja alteragbes neuroquimicas entre 0s grupos
estudados nido foram encontradas. Embora ndo possamos acrescentar informacoes
claras sobre os efeitos da cocaina na expressdo das subunidades do receptor
GABAa, nossos resultados fornecem pistas de que pode haver modificagdes
importantes ocasionados pelo consumo de cocaina em animais machos que tém
lesbes dopaminérgicas. Com este estudo verificamos que o efeito paradoxal da
cocaina ndo acontece quando ha um consumo de altas doses dessa substancia
pelos animais lesionados. Portanto percebe-se a necessidade de mais estudos que
verifiguem o consumo de cocaina em animais machos e fémeas induzidos ao TDAH
e as alteracdes da expressao de subunidades do GABAA relacionados com adi¢céo a
psicoestimulantes para elucidar as bases comportamentais e neuroquimicas da

coexisténcia desses dois transtornos.
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7 ANEXOS
7.1 Anexo |

7.1.2 COCAINA — REVISAO DA LITERATURA

Epidemiologia

Segundo o relatério mundial sobre drogas da Organizagdo das Nacdes
Unidas (ONU), publicado em 2014, o uso mundial de cocaina se manteve estavel
em 2012, com uma estimativa de 14 milhdes a 21 milhdes de usuarios (prevaléncia
anual de 0,4%). O uso de cocaina se manteve elevado na América do Sul (1,8%),
Oceania (1,5%) e Europa Ocidental e Central (1%). Ja na América do Norte nao
houve aumento no uso de cocaina entre 2011 e 2012. Em relacdo ao numero de
usuarios de cocaina na Ameérica do Sul, houve um aumento quando se compara 0s
anos de 2004 e 2005 com o ano de 2012 (2 milhdes para 3,3 milhdes). A influéncia
desse aumento pode ser devido as varias formas de uso, incluindo o crack e outras
formas brutas de base de cocaina.

De acordo com o Il Levantamento Domiciliar sobre o Uso de Drogas
Psicotropicas no Brasil, que envolveu as 108 maiores cidades do pais realizado em
2005, 2,9% da populacao ja fez uso de cocaina pelo menos uma vez na vida, o que
equivale a 1.459.000 pessoas. Dentre os entrevistados, 0,5% eram da faixa etaria de
12 a 17 anos, 4,2% de 18 a 24 anos, e a maior parte, 5,2%, de 25 a 34 anos. Nas
duas maiores faixas etarias, o sexo masculino obteve grande predominio,
diferentemente da faixa etaria entre 12 a 17 anos em que a porcentagem entre os
dois sexos se igualou (0,4%). Na regiao sul a porcentagem dos entrevistados que ja
fizeram uso de cocaina na vida chegou a 3,1% e, assim como observado no pais
inteiro, o consumo entre o sexo masculino prevalece (CARLINI et al., 2007).

Entre os estudantes brasileiros do ensino fundamental e médio, segundo

estudo realizado em 2010 (CARLINI et al, 2010 ), 2,5% deles ja fizeram uso na vida
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de cocaina, observando-se um aumento de 0,5% quando comparado ao estudo feito
anteriormente, em que se contabilizou 2% dos estudantes (GALDUROZ et al., 2005).

Um estudo feito pela FIOCRUZ em 2012 nas capitais do Brasil € no Distrito
Federal revelou que existe uma proporcao de 0,81% da populagdo que consomem
crack ou similares, representando cerca de 370 mil usuarios. Dentre eles, cerca de
0,11% eram criangas e adolescentes, ou seja, em torno de 50 mil criangas e

adolescentes fazem uso dessa droga nas capitais do pais.

Farmacologia

A cocaina é purificada a partir das folhas de coca, as quais contém de 0,6 a
1,8% do alcaldide, através de um método relativamente simples, pelo qual esta é
extraida das folhas utilizando um solvente organico (querosene ou éter).

Existem quatro formas diferentes de apresentagdo da cocaina: basuco (ou
pasta base), a forma de pasta de coca; merla, a forma pastosa; cloridrato de
cocaina, a forma de po6 cristalino; crack, a forma de base livre, sendo as duas
ultimas formas de uso mais populares no sul do pais.

A forma de cloridrato de cocaina € obtida através do tratamento da pasta de
coca purificada com acido cloridrico. A dissolugao do alcaldide no acido forma um poé
hidrossoluvel, que precisa ser recristalizado, através de aquecimento, para que o
produto final seja o pé de cloridrato de cocaina, o qual pode ser ingerido via oral,
aspiracao nasal ou via intravenosa. Esta forma nao pode ser fumada, pois, com o
aumento da temperatura, ocorre a volatilizagao e conseqlente decomposicao do
composto (CHASIN et al., 2008; DICKERSON & JANDA, 2005).

O crack, base livre, é preparado através do aquecimento da solugdo aquosa

do cloridrato com uma substancia basica, como o bicarbonato ou o hidréxido de
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sodio, neutralizando o bicarbonato ou a parte acida. Com o aquecimento e posterior
resfriamento, precipita-se a base livre, com aspecto de cristais irregulares em forma
de pedras. Esta forma é estavel a altas temperaturas, apresentando um baixo ponto
de fusdo, o que lhe permite ser fumado, apods pirdlise, inalando-se os vapores

(CHASIN et al., 2008; DICKERSON & JANDA, 2005).

Farmacocinética

A absorcdo da cocaina varia de acordo com a via de introdugao, que pode ser
intranasal (aspiragéo), intravenosa, respiratoria (inalagado pelo ato de fumar) e oral
(CHASIN et al., 2008). Quando a cocaina é aspirada, a absorgdo ocorre pela
mucosa nasal, e sua velocidade é relativamente baixa, devido as propriedades
vasoconstritoras da droga, e lenta, permitindo teores plasmaticos menores por
tempo mais prolongado (CHASIN et al., 2008). Cerca de 20% a 30% da droga séo
absorvidos pela mucosa nasal (FIGLIE et al., 2004). Se injetada (via intravenosa), a
droga alcanca a corrente sanguinea imediatamente, e sua biodisponibilidade é de
100%. Os efeitos sdo muito intensos e rapidos. A via respiratéria (fumada) pode ser
comparada a esta via em termos de velocidade de absorc¢ao, pico de concentragao
plasmatica, duragéo e intensidade dos efeitos (CHASIN et al., 2008; FIGLIE et al.,
2004). Quando a cocaina é ingerida por via oral, os feitos aparecem em um maior
tempo, pois sua absorc¢éao é lenta e incompleta (FIGLIE et al., 2004). Isso é explicado
pela ionizagdo da cocaina no meio acido do estdmago e a demora em atingir o meio
menos acido do intestino delgado, onde a forma nao-ionizada prevalece, levando a
uma maior velocidade de absorgdo (CHASIN et al., 2008). Por esta via somente 25%
da droga ingerida alcangam o cérebro. Esses motivos explicam a auséncia do efeito

rush, caracterizado por uma intensa sensacido de bem estar, comum as outras
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formas de uso citadas. No entanto, é a via em que os efeitos persistem por mais
tempo. O inicio, o pico e a duragado dos efeitos da cocaina de acordo com a via

podem ser melhor entendidos na tabela 1.

Tabela 3. Farmacocinética da cocaina de acordo com a via de administracao.

Via de administracao Inicio da agao Pico de efeito | Duragao da agao
Inalada/fumada 3-5 segundos 1-3 minutos 5-15 minutos
Intravenosa 10-60 segundos 3-5 minutos 20-60 minutos
Intranasal ou mucosal 1-5 minutos 15-20 minutos 60-90 minutos
Gastrointestinal (oral) > 20 minutos > 90 minutos > 180 minutos

Fonte: EGRED & DAVIS, 2005.

Apés penetrar no cérebro, a cocaina é redistribuida para outros tecidos, se
concentrando no baco, rins, figado e cérebro. O acumulo no cérebro se deve ao
carater lipofilico da cocaina, permitindo que a substancia atravesse a barreira
hematoencefalica, seja sequestrada pelos adipdcitos, e entdo se acumule no
sistema nervoso central. Essa caracteristica também explica a transferéncia da
droga pela placenta através de transporte passivo, assim como na secregao lactea
(FIGLIE et al., 2004; CHASIN et al., 2008).

A eliminagdo da cocaina é em sua maior parte controlada pela sua
biotransformagado, a qual € muito extensa devido as caracteristicas da molécula,
resultando em menos de 10% da cocaina excretada sem alteragdo na urina. Assim,
cerca de 90% é transformado em metabdlito inativo hidrossoluvel. Apds absorvida a

cocaina (benzoilmetilecgonina) inicia o metabolismo no plasma por hidrélise do
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radical éster, produzindo éster metilecgonina. Outro metabdlito produzido é a
benzoilecgonina que ¢é originada pela hidrdlise espontanea ou por reagao catalisada
pelas carboxilesterases. Por ultimo, ocorre a desmetilagdo da cocaina realizada no
figado pela enzima oxidase, resultando na norcocaina, um produto
farmacologicamente ativo (FIGLIE et al., 2004; CHASIN et al., 2008).

A eliminacdo da cocaina é feita rapidamente através da urina. O tempo de
meia-vida é proximo de 1 hora (FIGLIE et al., 2004). Em torno de 1 a 5% da
substancia ndo é alterada e os metabdlitos hidrossoluveis da cocaina fornecem um
indicador do uso recente, pois podem permanecer na urina por até 72 horas
(EGRED & DAVIS, 2005). Quando se trata de individuos em uso crénico a urina

pode permanecer positiva por até 22 dias (FIGLIE et al., 2004).

Farmacodinamica

A cocaina € um potente agente simpaticomimético, por sua capacidade de
bloquear a recaptacdo nos neurbnios pré-sinapticos, aumentando os niveis de
catecolaminas (dopamina, noradrenalina e serotonina), produzindo elevagao
temporaria da concentragdo desses neurotransmissores nos receptores poés-
sinapticos, justificando os efeitos estimulantes do Sistema Nervoso Central (SNC)
(EGRED & DAVIS, 2005; CHASIN et al., 2008).

O principal mecanismo de acdo no SNC é o bloqueio da recaptacdo da
dopamina (DA) nas fendas sinapticas, que ocorre devido a ligagdo da cocaina a
bomba de recaptacao de dopamina, inibindo a remocao deste neurotransmissor da
fenda sinaptica. Com isso, a DA permanece na fenda, ligando-se livremente aos
seus receptores da membrana pds-sinaptica, produzindo mais impulsos nervosos. A

concentragdo de DA no nucleo accumbens (NAc), com esse bloqueio, pode



77

aumentar em até 15 vezes (GRIMM, 2007), e esse aumento parece estar envolvido
de forma importante na recompensa e recaida (WISE, 1996). A recaptagdo de DA
ocorre principalmente na via mesocorticolimbica, uma das principais responsaveis
pelo efeito reforgcador da cocaina e pelo sentimento de extrema euforia
(GOLDSTEINS & VOLKOW, 2002; KOOB, 2006; KOOB & MOAL, 2006), a qual se
origina na area tegmental ventral e projeta-se para areas do sistema limbico,
incluindo o NAc , o cortex pré-frontal, o hipocampo e a amigdala (ANDERSON &
PIERCE, 2005; KOOB & MOAL, 2006). Outra via importante é a nigro-estriatal onde
encontra-se cerca de 75% da DA no cérebro e cujos corpos celulares se situam na
substancia negra e axdnios terminam no corpo estriado. O sistema tubero-hipofisario
€ uma terceira via de relevancia, no qual seus neurbnios seguem trajeto do
hipotalamo para a eminéncia mediana e a hipdéfise (CHASIN et al., 2008). Sendo
assim, a DA tem um papel crucial na mediagao dos efeitos reforcadores da cocaina
(AARAO et al., 2008; CANNON & BSEIKRI, 2004).

O aumento da concentracdo de DA causado pelo bloqueio da recaptacao
deste neurotransmissor gera no sistema neural adaptagdes para neutralizar o efeito
da cocaina (WISE & KOOB, 2014). Essas neuroadaptagdes ocorrem tanto no
préprio sistema dopaminérgico como nos outros sistemas neurais (KOOB AND
BLOOM, 1988) podendo acarretar profundas alteragbes em receptores, sintese de
neurotransmissores como também em niveis moleculares e genéticos (JOHANSON
& SCHUSTER, 2000; PERROTTI e cols., 2000). O processo de neutralizacdo do
efeito da cocaina, ou seja, a tentativa de equilibrar a intensa estimulagédo do SNC,
ocorre com a mobilizacdo dos sistemas inibitérios cerebrais, principalmente o

sistema GABAérgico. Como consequéncia da administragdo cronica de cocaina, a
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expressao das subunidades dos receptores GABAAa pode ser alterada (Suzuki et al.,

2000; Yamaguchi et al., 2000, 2002)

Efeitos da cocaina

A cocaina possui multiplos efeitos, devido as agdes tanto periféricas, quanto
centrais (LARANJEIRA et al., 2003). Os efeitos da intoxicagdo aguda sdo intensa
euforia e bem estar, aumento do estado de vigilia, autoconfianga elevada e
aceleracdo do pensamento. Como principais sintomas fisicos podem ser citados o
aumento da frequéncia cardiaca e respiratoria, da temperatura corporal, sudorese,
tremor leve de extremidades, espasmos musculares, midriase e comportamento
estereotipado repetitivo. Podem ocorrem também quadros de panico, transtornos
depressivos e psicose, 0s quais sdo as complicagdes psiquiatricas mais relatadas.
Ja entre as nao-psiquiatricas, as complicacbes cardiovasculares sdo as mais
frequentes (LARANJEIRA et al., 2003). Tais eventos sédo diretamente proporcionais
a dose da droga ingerida e podem variar, de acordo com variagbes organicas
individuais.

A cocaina é considerada uma droga com grande potencial de abuso e
dependéncia devido a sua grande capacidade de produzir o efeito desejado,
chamado de reforgo positivo, cuja atribuicio se da a potenciagcdo da
neurotransmissdo dopaminérgica dos neurbnios da regido mesocorticolimbica
(CHASIN et al., 2008). Para que um individuo receba um diagndstico de
dependéncia, segundo os critérios do Manual Diagnostico e Estatistico de
Transtornos Mentais (DSM-V) (APA, 2014) é preciso preencher alguns dos seguintes
sintomas: tolerancia, abstinéncia, consumo de substancias em maiores quantidades

ou por um periodo mais longo do que o pretendido, desejo persistente ou esforgos
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mal-sucedidos em reduzir ou controlar o uso, longo tempo gasto para obtencéo da
droga, na sua utilizagdo ou na recuperagao dos efeitos, abandono ou redugéo das
atividades sociais, ocupacionais ou recreativas para uso da substancia, uso da
substancia continuo ou recorrentemente, mesmo com a consciéncia do problema,

fissura, uso recorrente em situagdes que envolvem risco a integridade fisica.

Diferenga entre os sexos no uso de cocaina

Dados coletados entre 2004 e 2009 do sistema de saude publica que
monitora os atendimentos relacionados a drogas nos Estados Unidos relataram que
nos atendimentos a mulheres, a cocaina € a droga ilicita mais frequentemente
envolvida na procura pela emergéncia (53,7%) (SAMHSA, 2011). Os ultimos estudos
epidemioldgicos feitos no Brasil, em 2007, mostraram que na faixa etaria entre 18 e
34 anos, o consumo de cocaina ainda € maior entre os homens. No entanto, quando
se avalia a faixa da adolescéncia, entre 12 e 17 anos, o consumo entre os dois
sexos se iguala (CARLINI et al., 2007).

As mulheres geralmente iniciam o uso de cocaina mais precocemente e com
uma maior frequéncia (LYNCH et al., 2002), tendem a progredir do primeiro uso a
dependéncia mais rapidamente (SAMHSA, 2011) e enfrentam normalmente um
padrdao mais grave de dependéncia (CARROL et al., 2004, HU E BECKER, 2008;
KERSTETTER AND KIPPIN, 2011). Outro aspecto importante € a maior tendéncia
das mulheres dependentes em adquirir doencas de saude mental e maior propenséao
em tentar o suicidio em relagdo aos homens (KERSTETTER AND KIPPIN, 2011;
SAMHSA, 2011). Muitos estudos, tanto em animais quanto em humanos,
demonstram significativa interferéncia dos horménios sexuais na agao em sistemas

neuroquimicos (PERROTI et al, 2000; SALEH, 2003; SOUZA et al, 2010), bem como
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sobre os efeitos comportamentais (KOURI et al., 2002; LYNCH et al.,, 2002). A
diferenga sexual na dependéncia a cocaina pode ser explicada pelos efeitos dos
horménios femininos e suas flutuagdes ao longo do ciclo reprodutivo. Alguns estudos
demonstram que os efeitos positivos da droga dependem da fase do ciclo menstrual,
sendo maiores durante a fase folicular, e que o pico do desejo pela droga se da
quando ha concentragdes elevadas de estrogeno e progesterona (SOFUOGLU et

al., EVANS et al., 2002).
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Length Of Article

Original Research Articles should not exceed 12,000 words (inclusive of abstract,
references, and figure legends). Short communications should not exceed 3500
words (inclusive of abstract, references, and figure legends) and should not be divid-
ed into sections. No more than 25 references and four figures or tables should be
included.

Subdivision - numbered sections

Divide your article into clearly defined and numbered sections. Subsections should
be numbered 1.1 (then 1.1.1, 1.1.2, ...), 1.2, etc. (the abstract is not included in sec-
tion numbering). Use this numbering also for internal cross-referencing: do not just
refer to 'the text'. Any subsection may be given a brief heading. Each heading should

appear on its own separate line.

Introduction
State the objectives of the work and provide an adequate background, avoiding a

detailed literature survey or a summary of the results.

Material and methods
Provide sufficient detail to allow the work to be reproduced. Methods already pub-
lished should be indicated by a reference: only relevant modifications should be de-

scribed.

Results

Results should be clear and concise.

Discussion
This should explore the significance of the results of the work, not repeat them. A
combined. Results and Discussion section is often appropriate. Avoid extensive cita-

tions and discussion of published literature.
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Conclusions

The main conclusions of the study may be presented in a short Conclusions section,
which may stand alone or form a subsection of a Discussion or Results and Discus-
sion section.

Appendices

If there is more than one appendix, they should be identified as A, B, etc. Formulae
and equations in appendices should be given separate numbering: Eq. (A.1), Eq.
(A.2), etc.; in a subsequent appendix, Eq. (B.1) and so on. Similarly for tables and
figures: Table A.1; Fig. A.1, etc.
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« Title. Concise and informative. Titles are often used in information-retrieval sys-

tems. Avoid abbreviations and formulae where possible.

» Author names and affiliations. Please clearly indicate the given name(s) and fam-
ily name(s) of each author and check that all names are accurately spelled. Present
the authors' affiliation addresses (where the actual work was done) below the names.
Indicate all affiliations with a lower case superscript letter immediately after the au-
thor's name and in front of the appropriate address. Provide the full postal address of
each affiliation, including the country name and, if available, the e-mail address of
each author.

* Corresponding author. Clearly indicate who will handle correspondence at all
stages of refereeing and publication, also post-publication. Ensure that the e-mail
address is given and that contact details are kept up to date by the correspond-

ing author.

* Present/permanent address. If an author has moved since the work described in
the article was done, or was visiting at the time, a 'Present address' (or 'Permanent
address') may be indicated as a footnote to that author's name. The address at which
the author actually did the work must be retained as the main, affiliation address. Su-

perscript Arabic numerals are used for such footnotes.

Abstract
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A concise and factual abstract is required. The abstract should state briefly the
purpose of the research, the principal results and major conclusions. An abstract is
often presented separately from the article, so it must be able to stand alone. For this
reason, References should be avoided, but if essential, then cite the author(s) and
year(s). Also, non-standard or uncommon abbreviations should be avoided, but if
essential they must be defined at their first mention in the abstract itself.

The Abstract should not exceed 250 words
Graphical abstract

Although a graphical abstract is optional, its use is encouraged as it draws
more attention to the online article. The graphical abstract should summarize the
contents of the article in a concise, pictorial form designed to capture the attention of
a wide readership. Graphical abstracts should be submitted as a separate file in the
online submission system. Image size: Please provide an image with a minimum of
531 x 1328 pixels (h x w) or proportionally more. The image should be readable at a
size of 5 x 13 cm using a regular screen resolution of 96 dpi. Preferred file types:
TIFF, EPS, PDF or MS Office files. See http://www.elsevier.com/graphicalabstracts
for examples.
Authors can make use of Elsevier's lllustration and Enhancement service to ensure
the best presentation of their images and in accordance with all technical require-
ments: lllustration Service.
Highlights

Highlights are mandatory for this journal. They consist of a short collection of
bullet points that convey the core findings of the article and should be submitted in a
separate editable file in the online submission system. Please use 'Highlights' in the
file name and include 3 to 5 bullet points (maximum 85 characters, including spaces,

per bullet point). See http://www.elsevier.com/highlights for examples.

Keywords

Immediately after the abstract, provide a maximum of 6 keywords, using
American spelling and avoiding general and plural terms and multiple concepts
(avoid, for example, 'and', 'of'). Be sparing with abbreviations: only abbreviations firm-
ly established in the field may be eligible. These keywords will be used for indexing
purposes.

Abbreviations
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Define abbreviations that are not standard in this field in a footnote to be
placed on the first page of the article. Such abbreviations that are unavoidable in the
abstract must be defined at their first mention there, as well as in the footnote. En-
sure consistency of abbreviations throughout the article.

Acknowledgements

Collate acknowledgements in a separate section at the end of the article be-
fore the references and do not, therefore, include them on the title page, as a foot-
note to the title or otherwise. List here those individuals who provided help during the
research (e.g., providing language help, writing assistance or proof reading the arti-
cle, etc.).

Footnotes

Footnotes should be used sparingly. Number them consecutively throughout
the article. Many word processors can build footnotes into the text, and this feature
may be used. Otherwise, please indicate the position of footnotes in the text and list
the footnotes themselves separately at the end of the article. Do not include foot-

notes in the Reference list.

Artwork

Electronic artwork
General points

* Make sure you use uniform lettering and sizing of your original artwork.

» Embed the used fonts if the application provides that option.

« Aim to use the following fonts in your illustrations: Arial, Courier, Times New Ro-
man, Symbol, or use fonts that look similar.

* Number the illustrations according to their sequence in the text.

* Use a logical naming convention for your artwork files.

* Provide captions to illustrations separately.

* Size the illustrations close to the desired dimensions of the published version.

* Submit each illustration as a separate file.

A detailed guide on electronic artwork is available on our website:

http://www.elsevier.com/artworkinstructions.
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You are urged to visit this site; some excerpts from the detailed information are
given here.

Formats

If your electronic artwork is created in a Microsoft Office application (Word,
PowerPoint, Excel) then please supply 'as is' in the native document format.
Regardless of the application used other than Microsoft Office, when your electronic
artwork is finalized, please 'Save as' or convert the images to one of the following
formats (note the resolution requirements for line drawings, halftones, and

line/halftone combinations given below):

EPS (or PDF): Vector drawings, embed all used fonts.
TIFF (or JPEG): Color or grayscale photographs (halftones), keep to a minimum of
300 dpi.
TIFF (or JPEG): Bitmapped (pure black & white pixels) line drawings, keep to a min-
imum of 1000 dpi.
TIFF (or JPEG): Combinations bitmapped line/half-tone (color or grayscale), keep to
a minimum of 500 dpi.
Please do not:
 Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); these
typically have a low number of pixels and limited set of colors;
» Supply files that are too low in resolution;
» Submit graphics that are disproportionately large for the content.
Color artwork

Please make sure that artwork files are in an acceptable format (TIFF (or
JPEG), EPS (or PDF), or MS Office files) and with the correct resolution. If, together
with your accepted article, you submit usable color figures then Elsevier will ensure,
at no additional charge, that these figures will appearin color online (e.g., ScienceDi-
rect and other sites) regardless of whether or not these illustrations are reproduced in
color in the printed version.

For color reproduction in print, you will receive information regarding the

costs from Elsevier after receipt of your accepted article.



94

Please indicate your preference for color: in print or online only. For further in-

formation on the preparation of electronic artwork, please see
http://www.elsevier.com/artworkinstructions.
Please note: Because of technical complications that can arise by converting color
figures to 'gray scale' (for the printed version should you not opt for color in print)
please submit in addition usable black and white versions of all the color illustrations.
Figure captions

Ensure that each illustration has a caption. Supply captions separately, not at-
tached to the figure. A caption should comprise a brief title (not on the figure itself)
and a description of the illustration. Keep text in the illustrations themselves to a min-
imum but explain all symbols and abbreviations used.

Tables

Please submit tables as editable text and not as images. Tables can be placed
either next to the relevant text in the article, or on separate page(s) at the end. Num-
ber tables consecutively in accordance with their appearance in the text and place
any table notes below the table body. Be sparing in the use of tables and ensure that
the data presented in them do not duplicate results described elsewhere in the arti-
cle. Please avoid using vertical rules.

References
Citation in text

Please ensure that every reference cited in the text is also present in the ref-
erence list (and vice versa). Any references cited in the abstract must be given in full.
Unpublished results and personal communications are not recommended in the ref-
erence list, but may be mentioned in the text. If these references are included in the
reference list they should follow the standard reference style of the journal and
should include a substitution of the publication date with either 'Unpublished results'
or 'Personal communication'. Citation of a reference as 'in press' implies that the item

has been accepted for publication.

Reference links

Increased discoverability of research and high quality peer review are ensured
by online links to the sources cited. In order to allow us to create links to abstracting
and indexing services, such as Scopus, CrossRef and PubMed, please ensure that

data provided in the references are correct. Please note that incorrect surnames,
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journal/book titles, publication year and pagination may prevent link creation. When
copying references, please be careful as they may already contain errors. Use of the

DOl is encouraged.

Web references

As a minimum, the full URL should be given and the date when the reference
was last accessed. Any further information, if known (DOI, author names, dates, ref-
erence to a source publication, etc.), should also be given. Web references can be
listed separately (e.g., after the reference list) under a different heading if desired, or
can be included in the reference list.
References in a special issue

Please ensure that the words 'this issue' are added to any references in the list

(and any citations in the text) to other articles in the same Special Issue.

Reference management software

Most Elsevier journals have a standard template available in key reference
management packages. This covers packages using the Citation Style Language,
such as Mendeley (http://www.mendeley.com/features/reference-manager) and also
others like EndNote (http://www.endnote.com/support/enstyles.asp) and Reference
Manager (http://refman.com/support/rmstyles.asp). Using plug-ins to word processing
packages which are available from the above sites, authors only need to select the
appropriate journal template when preparing their article and the list of references
and citations to these will be formatted according to the journal style as described in
this Guide. The process of including templates in these packages is constantly ongo-
ing. If the journal you are looking for does not have a template available yet, please
see the list of sample references and citations provided in this Guide to help you for-
mat these according to the journal style.

If you manage your research with Mendeley Desktop, you can easily install the
reference style for this journal by clicking the link below:
http://open.mendeley.com/use-citation-style/behavioural-brain-research

When preparing your manuscript, you will then be able to select this style us-
ing the Mendeley plugins for Microsoft Word or LibreOffice. For more information
about the Citation Style Language, visit http://citationstyles.org.
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Reference formatting

There are no strict requirements on reference formatting at submission. Refer-
ences can be in any style or format as long as the style is consistent. Where applica-
ble, author(s) name(s), journal title/book title, chapter title/article title, year of publica-
tion, volume number/book chapter and the pagination must be present. Use of DOI is
highly encouraged. The reference style used by the journal will be applied to the ac-
cepted article by Elsevier at the proof stage. Note that missing data will be highlight-
ed at proof stage for the author to correct. If you do wish to format the references

yourself they should be arranged according to the following examples:

Reference style
Text: Indicate references by number(s) in square brackets in line with the text. The

actual authors can be referred to, but the reference number(s) must always be given.

List: Number the references (numbers in square brackets) in the list in the order in
which they appear in the text.

Examples:

Reference to a journal publication:

[1] Van der Geer J, Hanraads JAJ, Lupton RA. The art of writing a scientific article. J
Sci Commun 2010;163:51-9.

Reference to a book:
[2] Strunk Jr W, White EB. The elements of style. 4th ed. New York: Longman; 2000.
Reference to a chapter in an edited book:

[3] Mettam GR, Adams LB. How to prepare an electronic version of your article. In:
Jones BS, Smith RZ, editors. Introduction to the electronic age, New York: E-
Publishing Inc; 2009, p. 281-304.

Note shortened form for last page number. e.g., 51-9, and that for more than 6 au-
thors the first 6 should be listed followed by 'et al.' For further details you are referred
to 'Uniform Requirements for Manuscripts submitted to Biomedical Journals' (J Am
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Med Assoc 1997;277:927-34) (see also

http://www.nlm.nih.gov/bsd/uniform_requirements.html).

Video data

Elsevier accepts video material and animation sequences to support and enhance
your scientific research. Authors who have video or animation files that they wish to
submit with their article are strongly encouraged to include links to these within the
body of the article. This can be done in the same way as a figure or table by referring
to the video or animation content and noting in the body text where it should be
placed. All submitted files should be properly labeled so that they directly relate to the
video file's content. In order to ensure that your video or animation material is directly
usable, please provide the files in one of our recommended file formats with a pre-
ferred maximum size of 150 MB. Video and animation files supplied will be published
online in the electronic version of your article in Elsevier Web products, including Sci-

enceDirect: http://www.sciencedirect.com. Please supply 'stills' with your files: you

can choose any frame from the video or animation or make a separate image. These
will be used instead of standard icons and will personalize the link to your video data.
For more detailed instructions please visit our video instruction pages at
http://www.elsevier.com/artworkinstructions. Note: since video and animation cannot
be embedded

in the print version of the journal, please provide text for both the electronic and the

print version for the portions of the article that refer to this content.

AudioSlides

The journal encourages authors to create an AudioSlides presentation with their pub-
lished article. AudioSlides are brief, webinar-style presentations that are shown next
to the online article on ScienceDirect. This gives authors the opportunity to summa-
rize their research in their own words and to help readers understand what the paper
is about. More information and examples are available at
http://www.elsevier.com/audioslides. Authors of this journal will automatically receive
an invitation e-mail to create an AudioSlides presentation after acceptance of their

paper.

Supplementary material
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Elsevier accepts electronic supplementary material to support and enhance your sci-
entific research. Supplementary files offer the author additional possibilities to publish
supporting applications, highresolution images, background datasets, sound clips
and more. Supplementary files supplied will be published online alongside the elec-
tronic version of your article in Elsevier Web products, including ScienceDirect:
http://www.sciencedirect.com. In order to ensure that your submitted material is di-
rectly usable, please provide the data in one of our recommended file formats. Au-
thors should submit the material in electronic format together with the article and
supply a concise and descriptive caption for each file. For more detailed instructions
please visit our artwork instruction pages at

http://www.elsevier.com/artworkinstructions.

Database linking

Elsevier encourages authors to connect articles with external databases, giving read-
ers access to relevant databases that help to build a better understanding of the de-
scribed research. Please refer to relevant database identifiers using the following
format in your article: Database: xxxx (e.g., TAIR: AT1G01020; CCDC: 734053; PDB:
1XFN). See http://www.elsevier.com/databaselinking for more information and a full

list of supported databases.

3D neuroimaging

You can enrich your online articles by providing 3D neuroimaging data in NIfTI for-
mat. This will be visualized for readers using the interactive viewer embedded within
your article, and will enable them to: browse through available neuroimaging da-
tasets; zoom, rotate and pan the 3D brain reconstruction; cut through the volume;
change opacity and color mapping; switch between 3D and 2D projected views; and
download the data. The viewer supports both single (.nii) and dual (.hdr

and .img) NIfTI file formats. Recommended size of a single uncompressed dataset is
maximum 150 MB. Multiple datasets can be submitted. Each dataset will have to be
zipped and uploaded to the online submission system via the '3D neuroimaging data’
submission category. Please provide a short informative description for each dataset
by filling in the 'Description’ field when uploading a dataset.



99

Note: all datasets will be available for downloading from the online article on Sci-
enceDirect. If you have concerns about your data being downloadable, please pro-
vide a video instead. For more information see:

http://www.elsevier.com/3DNeuroimaging.

Submission checklist

The following list will be useful during the final checking of an article prior to sending
it to the journal for review. Please consult this Guide for Authors for further details of
any item.

Ensure that the following items are present:

One author has been designated as the corresponding author with contact details:

« E-mail address

* Full postal address

All necessary files have been uploaded, and contain:

» Keywords

« All figure captions

* All tables (including title, description, footnotes)

Further considerations

* Manuscript has been 'spell-checked' and 'grammar-checked'

* References are in the correct format for this journal

* All references mentioned in the Reference list are cited in the text, and vice versa

* Permission has been obtained for use of copyrighted material from other sources
(including the Internet)

Printed version of figures (if applicable) in color or black-and-white

* Indicate clearly whether or not color or black-and-white in print is required.

* For reproduction in black-and-white, please supply black-and-white versions of the
figures for printing purposes.

For any further information please visit our customer support site at

http://support.elsevier.com.

AFTER ACCEPTANCE

Use of the Digital Object Identifier

The Digital Object Identifier (DOI) may be used to cite and link to electronic docu-
ments. The DOI
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consists of a unique alpha-numeric character string which is assigned to a document
by the publisher upon the initial electronic publication. The assigned DOI never
changes. Therefore, it is an ideal medium for citing a document, particularly 'Articles
in press' because they have not yet received their full bibliographic information. Ex-
ample of a correctly given DOI (in URL format; here an article in the journal Physics
Letters B): http://dx.doi.org/10.1016/j.physletb.2010.09.059

When you use a DOI to create links to documents on the web, the DOIls are guaran-

teed never to change.

Online proof correction

Corresponding authors will receive an e-mail with a link to our online proofing sys-
tem, allowing annotation and correction of proofs online. The environment is similar
to MS Word: in addition to editing text, you can also comment on figures/tables and
answer questions from the Copy Editor.

Web-based proofing provides a faster and less error-prone process by allowing you
to directly type your corrections, eliminating the potential introduction of errors.

If preferred, you can still choose to annotate and upload your edits on the PDF ver-
sion. All instructions for proofing will be given in the e-mail we send to authors, in-
cluding alternative methods to the online version and PDF.

We will do everything possible to get your article published quickly and accurately.
Please use this proof only for checking the typesetting, editing, completeness and
correctness of the text, tables and figures. Significant changes to the article as ac-
cepted for publication will only be considered at this stage with permission from the
Editor. It is important to ensure that all corrections are sent back to us in one commu-
nication. Please check carefully before replying, as inclusion of any subsequent cor-
rections cannot be guaranteed. Proofreading is solely your responsibility.

Offprints

The corresponding author, at no cost, will be provided with a personalized link provid-

ing 50 days free access to the final published version of the article on ScienceDirect.
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This link can also be used for sharing via email and social networks. For an extra
charge, paper offprints can be ordered via the offprint order form which is sent once
the article is accepted for publication. Both corresponding and co-authors may order
offprints at any time via Elsevier's AUTHOR INFORMATION PACK 14 May 2015
www.elsevier.com/locate/bbr 11 WebShop
(http://webshop.elsevier.com/myarticleservices/offprints). Authors requiring printed
copies of multiple articles may use Elsevier WebShop's 'Create Your Own Book' ser-
vice to collate multiple articles within a single cover

(http://webshop.elsevier.com/myarticleservices/booklets).

AUTHOR INQUIRIES

You can track your submitted article at http://www.elsevier.com/track-submission. You
can track your accepted article at http://www.elsevier.com/trackarticle. You are also
welcome to contact Customer Support via http://support.elsevier.com.



